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ABSTRACT 

The genus Palaeotragus is the most common giraffid genus in the Late Miocene 

of Eurasia and numerus species have been described. However, the validity of many 

of these species has been repeatedly questioned. A metric examination of these 

species showed that all the large-sized Palaeotragus should be considered synonyms 

to Palaeotragus coelophrys, with the exception of Palaeotragus berislavicus, and 

possibly P. asiaticus. A morphological examination of several dental specimens did not 

reveal any feature that could provide diagnostic information, as the premolar 

morphology demonstrates high variation, while the molar morphology demonstrates 

no variation. 

Systematic excavations in the Late Miocene sites of Axios Valley (from 1972 to 

2012) and Nikiti (from 1991 to 2005), revealed rich faunal assemblages. Members of 

the Giraffidae family are represented in almost all the different sites. The genus 

Palaeotragus is the most common giraffid of the aforementioned areas. 

A large-sized Palaeotragus skull and several postcranial bones, which were 

previously classified as Palaeotragus cf. rouenii and later as Palaeotragus sp., from the 

Vallesian site Nikiti-1 are re-evaluated here. According to metric and morphological 

comparisons the Nikiti Palaeotragus is distinguished by both Palaeotragus rouenii and 

Palaeotragus coelophrys. Based on metric comparisons, Nikiti Palaeotragus showed 

several similarities with Palaeotragus berislavicus, therefore a classification as 

Palaeotragus aff. berislavicus is suggested. 

A review of old along with a study of new fossil remains of large-sized 

Palaeotragus from the Vallesian of Axios Valley (sites Ravin de la Pluie, Xirochori and 

Pentalophos), suggests that, based on their size, Ravin de la Pluie specimens are better 

classified as Palaeotragus cf. coelophrys, Pentalophos specimens are better referred 

to as Palaeotragus coelophrys and the single mandible from Xirochori to as 

Palaeotragus sp. 
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ΠΕΡΙΛΗΨΗ 

Το γένος Palaeotragus είναι το πιο κοινό της οικογένειας Giraffidae στο Άνω 

Μειόκαινο της Ευρασίας και πολλά είδη του έχουν περιγραφεί. Παρόλα αυτά, η 

εγκυρότητα πολλών από τα είδη έχει επανειλημμένα αμφισβητηθεί. Στην παρούσα 

έρευνα, μια επανεξέταση των μετρικών χαρακτηριστικών των ειδών αποκάλυψε ότι 

όλοι οι μεγαλόσωμοι αντιπρόσωποι του γένους Palaeotragus θα έπρεπε να 

θεωρηθούν συνώνυμα του Palaeotragus coelophrys, με εξαίρεση τον Palaeotragus 

berislavicus και πιθανόν τον Palaeotragus asiaticus. Μορφολογική εξέταση αρκετών 

οδοντικών δειγμάτων δεν αποκάλυψε κάποιο στοιχείο με διαγνωστική αξία, καθώς η 

ποικιλομορφία στην μορφολογία των προγομφίων εμφανίζεται πολύ υψηλή, ενώ των 

γομφίων πολύ χαμηλή. 

Συστηματικές ανασκαφές στην Κοιλάδα του Αξιού (από το 1972 έως το 2012) και 

στην Νικήτη (από το 1991 ως το 2005), αποκάλυψαν πλούσιες πανίδες. Μέλη της 

οικογένειας Giraffidae αντιπροσωπεύονται στις περισσότερες από τις θέσεις. Το 

γένος Palaeotragus είναι το πιο κοινό γένος της οικογένειας στις προαναφερθείσες 

θέσεις.  

Ένα κρανίο και διάφορα μετακρανιακά οστά, που είχαν ταξινομηθεί στο 

παρελθόν ως Palaeotragus cf. rouenii ή Palaeotragus sp., από την πανίδα του ύστερου 

Βαλλέζιου της θέσης Νικήτη-1 επανεξετάζονται εδώ. Μετρικές και μορφολογικές 

συγκρίσεις έδειξαν ότι ο Palaeotragus της Νικήτης διαφέρει τόσο από τον 

Palaeotragus rouenii όσο και από τον Palaeotragus coelophrys. Σύμφωνα με μετρικές 

συγκρίσεις, παρουσιάζει αρκετές ομοιότητες με τον Palaeotragus berislavicus, και 

επομένως προτείνεται η ταξινόμησή του ως Palaeotragus aff. berislavicus. 

Μία αναθεώρηση παλαιότερου και μελέτη νέου υλικού μεγαλόσωμων 

Palaeotragus από τις θέσεις Ravin de la Pluie, Πεντάλοφος και Ξηροχώρι, που 

ανήκουν στο Βαλλέζιο της Κοιλάδας του Αξιού, έδειξε ότι δείγματα της πρώτης θέσης 

θα πρέπει να ταξινομηθούν ως Palaeotragus cf. coelophrys, δείγματα της δεύτερης 

ως Palaeotragus coelophrys και δείγματα της τρίτης ως Palaeotragus sp. 
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1. INTRODUCTION 

1.1 Phylogeny 

1.1.1 Early Pecora diversification 

During the Eocene/Oligocene boundary (33.9 Ma) a drop in world’s temperature 

and humidity, resulted to a spreading of grasslands. Small herbivores’ biodiversity 

dropped, but new niches were created for larger herbivores, facilitating the radiation 

of Pecora during Early/Middle Oligocene (31.6-28.9 Ma). Molecular data (Irwin et al. 

1991, Hassanin & Douzery 2003) are in accordance with the fossil record (Vislobokova 

1997) about the timing of this radiation. 

According to Mitchell & Skinner (2003) a pecoran family of the Oligocene, called 

Gelocidae, radiated later, during Early Miocene, giving rise to all extant pecoran 

families. At that time the intensifying global cooling and drying triggered the main part 

of Pecora evolution including the emergence of the families Antilocapridae, 

Moschidae, Bovidae, Cervidae, and Giraffidae. Among different groups of taxa 

radiated from Gelocidae, the members of Palaeomerycinae bear ossicones and 

therefore this subfamily is considered as the most possible ancestor of Giraffoidea 

(Jannis & Scott 1987, Mitchell & Skinner 2003). 

The exact phylogenetic relationships among Giraffidae as well as with the rest 

of the families of Pecora are not yet clear. There is a possibility that Giraffidae are in 

the same clade with Antilocapridae, while Cervidae, Bovidae and Moschidae are in a 

different (sister) clade. Another scenario suggests that Antilocapridae were the first to 

split from the rest of the Pecora, followed by Giraffidae (Fig. 1) (Hassanin & Douzery 

2003, Hassanin et al. 2012). 

 

1.1.2 Giraffidae diversification 

Several efforts have been made in order to understand the evolution of the 

giraffids (Hamilton 1978, Solounias 2007, Rios et al. 2017). However, there is no 

consensus about the exact Giraffoidea phylogeny, as different authors used different 

characters in order to reconstruct the phylogeny of the group. The presence of only 
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two living Giraffidae genera, does not allow molecular comparisons, making the 

reconstruction of their phylogeny difficult. Moreover, the stratigraphic data are not so 

relevant with the assessment of relations inside Giraffidae (Hamilton 1978). Thus, 

constructing a true phylogenetic scenario for Giraffidae is problematic and further 

research is needed. However, there is some agreement among different researchers 

(Hamilton 1978, Solounias 2007, Rios et al. 2017) in recognizing at least six subfamilies: 

Canthumerycinae, Okapiinae, Sivatheriinae, “Samotheriinae”, “Palaeotragiinae” and 

Giraffinae.  

 

Figures 1a, b: Two possible phylogenetic scenarios for Ruminantia, based on DNA analyses of extant 
Ruminants that place Giraffidae in different positions (Hassanin & Douzery 2003, Hassanin et al. 2012). 

Bonis et al. (1997) described specimens of Georgiomeryx georgalasi 

Paraskevaidis, 1940 from the island of Chios (dated at MN 5; 16.0-13.7 Ma), in an 

attempt to shed light in early giraffid evolution. The relations between the basal 
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giraffids are interpreted in Figure 2. Georgiomeryx had a more giraffid like P4 with 

“…closed anterior valley, and a lingually open posterior valley…”, than Canthumeryx 

Hamilton, 1973, so it was assumed to be a more advanced giraffid, closer to the taxa 

that thrived during the Late Miocene. Bonis et al. (1997) concluded that 

Georgiomeryx, as well as Canthumeryx and Injanatherium Heintz et al., 1981 are basal, 

primitive giraffids and that each of the genera constitutes a monophyly. Another taxon 

that according to Bonis et al. (1997) shows a mix of ruminant plesiomorphies and 

giraffid apomorphies is Giraffokeryx Pilgrim, 1910. That genus assumed to be either a 

sivathere (Hamilton 1978, Solounias 2007) or a basal giraffid close to Injanatherium, 

as they both have two pairs of ossicones (Bonis et al. 1997, Rios et al. 2017). The genus 

is also proposed as the link between Canthumerycinae and the rest of Giraffidae 

(Mitchell and Skinner 2003). Most recent reviews suggest that Canthumeryx, 

Georgiomeryx, Injanatherium and Giraffokeryx are included in the subfamily of 

Canthumerycinae that diverged early on giraffid evolutionary history (Solounias 2007, 

Rios et al. 2017). 

 

Figure 2: Cladogram of relationships among basal Giraffidae (adopted from Bonis et al. 1997).  

Concerning the more advanced giraffids (Fig. 3), there is also consensus that 

Okapia Lankester, 1902, including today’s okapi (Okapia johnstoni Sclater, 1901) and 

the fossil Okapia stillei (Dietrich, 1941) represents a primitive taxon. Okapiinae are 

distinguished from other giraffids, mainly because they lack apomorphies, being more 

primitive than most fossil giraffids (Colbert 1938). Colbert (1938) analyzed a plethora 

of other skull and dental characters of Okapia, showing that similarities with other 

giraffids should be regarded as plesiomorphies. Okapia’s postcranial skeleton is also 
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primitive. According to Hamilton (1978), the Okapiinae’s metapodials have 

proportions that are closer to bovids or cervids than to giraffids. Therefore, the 

lengthening (and the secondary shortening in Sivatheriinae) of the metapodials is an 

apomorphic feature for the other subfamilies. Another convincing evidence that 

favors the possibility that Okapia is primitive, is the fact that according to molecular 

clock Okapia and Giraffa Brünnich, 1772 split about 15.2 Ma (Hassanin et al. 2012), 

early on Giraffidae’s radiation.  

Sivatheriinae are probably a monophyletic subfamily. Their main synapomorphies 

are the existence of two pairs of large, complex ossicones and a secondary shortening 

of their metapodials (Hamilton 1978), whereas typical Sivatheriinae reach extremely 

large size. This is the case of Sivatherium giganteum Falconer & Cautley, 1836, 

Shansitherium tafeli Killgus, 1922, Sivatherium cingulatum Haughton, 1922, 

Sivatherium maurisium Pomel, 1892, Helladotherium duvernoyi Gaudry, 1860, 

Bramatherium megacephalum Lydekker, 1876, Birgerbohlinia schaubi Crusafont-

Pairó, 1952 and Decennatherium pachecoi Crusafont-Pairó, 1952.  

The subfamilies “Samotheriinae”, “Palaeotragiinae” and Giraffinae seem to 

consist a monophyletic group, sharing the synapomorphy of neck’s and limbs’ 

elongation, which is weak in “Samotheriinae” but extreme in Giraffinae (Hamilton 

1978, Solounias 2007, Danowitz et al. 2015a, b). However, this point of view is not 

universally accepted (Rios et al. 2017).  

The first subfamily to branch out is that of “Samotheriinae”, with a slight 

elongation of neck and limbs (Danowitz 2015a, b). Hamilton (1978) proposed some 

dental features as synapomorphies, but several scholars consider them as polyphyletic 

(Hamilton 1978, Geraads 1986, Solounias 2007). The “Samotheriinae” lineage contains 

species such as Samotherium boissieri Forsyth-Major, 1888, Samotherium neumayri 

Rodler & Weithofer, 1890, Samotherium sinense Bohlin, 1926 and Samotherium major 

Bohlin, 1926. 

“Palaeotragiinae” and Giraffinae are proposed as sister taxa, sharing a more 

extreme lengthening of the metapodials and of their neck (Hamilton 1978, Solounias 

2007, Danowitz et al. 2015a, b). “Palaeotragiinae” probably consist a polyphyletic or 
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paraphyletic group (Geraads 1986, Hou et al. 2014, Danowitz et al. 2015b). It is 

accepted that they do not share any apomorphy that differentiates them from other 

giraffids (Hamilton 1978, Solounias 2007). They could be defined as giraffids with 

intermediate neck and limb elongation. The type species is Palaeotragus rouenii 

Gaudry, 1861 from Pikermi, Greece. Palaeotragus coelophrys Rodler & Weithofer, 

1890 is another species that is widely accepted as valid. “Palaeotragiinae” are going 

to be further discussed later. 

Finally, Giraffinae are considered as the more evolved subfamily of that Pecora 

lineage. The extreme lengthening of the metapodials and neck is proposed as their 

main synapomorphy (Hamilton 1978, Solounias 2007, Rios et al. 2017). If that opinion 

is followed, then Giraffa, including today’s Giraffa camelopardalis Linnaeus, 1758, 

Bohlinia Matthew, 1929, including Bohlinia attica Gaudry & Lartet, 1856 and Bohlinia 

nikitiae Kostopoulos et al., 1996 and Honanotherium Bohlin, 1926 should be grouped 

together. It should be noted that not all authors accept that grouping inside Giraffinae 

(e.g., Solounias 2007).  

 

Figure 3: Phylogeny of the family Giraffidae [adopted from Hamilton (1978)] 

 

1.2 Giraffidae Biogeography 

The Palaeobiogeography of Giraffidae is demonstrated here based on data 

collected in NOW Database [Data(http://www.helsinki.fi/science/now/) by The NOW 
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Community / CC BY 4.0.]. Figure 4 maps the overall expansion of Miocene Giraffidae 

known; Figures 5-6 demonstrate the Miocene expansion of Canthumerycinae 

(Canthumeryx, Georgiomeryx, Giraffokeryx and Injanatherium) and “Samotheriinae” 

(Samotherium species); Figures 7-9 demonstrate the Miocene and also the Plio-

Pleistocene expansion of Sivatheriinae (Sivatherium, Decennatherium, Bramatherium, 

Birgerbohlinia species), “Palaeotragiinae” and Giraffinae (Giraffa, Bohlinia and 

Honanotherium species).  

Giraffidae were a widespread family (Fig. 4) known by a variety of localities in the 

Old World. They were extremely abundant during the Turolian in Eastern 

Mediterranean (Koufos 2003) and in Africa from Miocene to today.  They were absent 

from Central and Western Africa during the Miocene (Harris et al. 2010). They are also 

well-known from the Miocene of Asia, especially from sites of Central Eastern (China, 

Mongolia, Kazakhstan) and Central South (India, Pakistan, Nepal) Asia (Fortelius et al. 

2006). The family of Giraffidae has an African origin and some of its oldest members 

migrated to Eurasia through Levante (Koufos 2003). However, only Canthumerycinae 

and Okapiinae originated in Africa, whereas Sivatheriinae, “Samotheriinae”, 

“Palaeotraginae” and Giraffinae have a Eurasian origin (Mitchell & Skinner 2003).  

The Canthumerycinae are the less abundant subfamily and although they were 

present in all the three continents, they show a fragmentary distribution (Fig. 5). They 

are relatively abundant in Turkey, in South-Central Asia, in Middle East, in North-East 

Africa and in Kenya. There are only two references for their presence in Europe; the 

first one is in Serbia (Ciric & Thenius 1959, Pavlovic 1969) and the second in Chios 

(Bonis et al. 1997).  

Samotherium species are mostly found in Eurasia’s Late Miocene, spreading from 

East China to the Balkans and there is a reference for their presence in Italy (Marra et 

al. 2011). A few fossiliferous localities in Africa contain fossils referred to as 

Samotherium (in Kenya, Algeria and Libya) (Harris et al. 2010) (Fig. 6). 

The Sivatheriinae are widespread in the Miocene of the Mediterranean; 

Deccenatherium and Birgebohlinia are common in Spain, while Helladotherium is 

abundant in Balkans and Anatolia. They are also widespread in the Plio-Pleistocene of 
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North-Western and Eastern Africa with the genus Sivatherium. Finally, they are 

represented in the Late Miocene of South-Central Asia by Hydaspitherium, 

Bramatherium and Sivatherium (Fig. 7).  

“Palaeotraginae” are abundant in the Late Miocene of Eurasia from Balkans to 

China. They are also present in Miocene localities of North-Western and Eastern Africa 

and in the Plio-Pleistocene of Balkans (Fig. 8).  

Finally, in the Late Miocene, Giraffinae were represented in China with 

Honanotherium, in Eastern Mediterranean with Bohlinia and possibly in India and 

Pakistan (Mitchel & Skinner 2003, Aftab et al. 2016) with the species Giraffa priscilla 

Pilgim, 1911. After Miocene, they are mostly known from Africa with the genus Giraffa 

(Fig. 9). The only exceptions are references of Giraffa from the site Ҫalta, Turkey, dated 

at the Early Pliocene (Sen 1977, Geraads 1998).  

 

Figure 4: Total geographic expansion of Miocene Giraffidae (recovered in January 2020 from NOW 

Database)  
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Figure 5: Canthumerycinae species expansion during Miocene. Yellow: Giraffokeryx, Purple: 

Canthymeryx, Green: Georgiomeryx, Blue: Injanatherium (recovered in January 2020 from NOW 

Database) 

 

Figure 6: Samotherium species expansion during Miocene (recovered and modified in January 2020 
from NOW Database)  

 

Figure 7: Sivatheriinae species expansion during Miocene and Plio-Pleistocene. With Yellow: 
Sivatherium species, Pink: Birgerbohlinia schaubi, Green: Helladotherium species, Blue: 
Decennatherium, Brown: Hydaspitherium, Light Blue: Bramatherium, Red: Unidentified (recovered and 
modified in January 2020 from NOW Database)  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
9 

 

 

Figure 8: “Palaeotragiinae” species expansion during Miocene and Plio-Pleistocene. Yellow: Miocene 
site with Palaeotragus, Blue: Palaeotragus inexpectatus (recovered in January 2020 from NOW 
Database) 

 

 

Figure 9: Giraffinae species expansion during Miocene and Plio-Pleistocene. Yellow: Giraffa, Blue: 
Bohlinia, Green: Honanotherium (recovered in January 2020 from NOW Database)  

 

1.3 The Greek Giraffid Record  

Giraffids have a long and rich fossil record in Greece spanning from Middle 

Miocene (MN 5) to Pleistocene (MN 17) (Table 1, Fig. 10). The study of Greek giraffids 

goes back to the times of Duvernoy (1854) and Gaudry & Lartet (1856) and still is of 

great interest due to giraffids’ high taxonomic diversity and their well-preserved 

fossils.  
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The stratigraphically oldest giraffid specimen that has found until today in Greece 

is a skull and a mandible referred to Georgiomeryx from Thymiana locality in Chios 

(Paraskevaidis 1940). The assemblage in which Georgiomeryx was found is dated to 

the Late Orleanian (MN5), at a time of great faunal interchange with Africa. Chios 

Georgiomeryx represents the first datum of giraffids in the Eastern Mediterranean 

(Koufos 2003).  

Sivatheriinae are mostly known in Greece by Helladotherium, which first 

appeared in the Late Vallesian fauna of Nikiti-1 (Koufos 2000). The genus was also 

common during Turolian, disappearing from Greece at the end of this age (Koufos 

2003) and it is the only known giraffid from the island of Rhodes (Boni 1943, fide 

Koufos 2006). Palaeogiraffa Bonis & Bouvrain, 2003 is an enigmatic genus of a medium 

to large-sized giraffid with slender metapodials. Palaeogiraffa macedoniae (Geraads, 

1989), from Xirochori, was previously described as Decennatherium (Geraads 1979) 

and Bonis & Bouvrain (2003) clarified that thιs species, should be assigned to a new 

genus Palaeogiraffa. It is known exclusively from Northern Greece and Eastern Thrace. 

The first appearance of Samotherium is dated on the Early Turolian of Samos 

(Koufos 2003). During the Turolian the genus was very common in Asia Minor and 

present in adjacent territories in continental Greece. It finally disappeared from 

Greece during the Late Miocene (Schmidt-Kittler et al. 1995). 

The first datum of Palaeotragus in the Eastern Mediterranean is in Middle Sinap 

(Turkey), dated at 10.6 Ma (Lunkka et al. 1992, Kappelman et al. 2003), at the end of 

Early Vallesian. In Greece Palaeotragus oldest record comes from Pentalophos site, 

discussed in this work, whereas its last occurrences are from the Early Pleistocene 

faunas of continental Greece and Lesvos island (Kostopoulos 1996, Athanassiou 2014).  

Finally, Giraffinae are represented in the Greek record by Bohlinia, which first 

appeared in Eastern Mediterranean at Ravin de la Pluie (Axios Valley) during the Late 

Vallesian (MN 10) and continued throughout the Turolian. It disappeared at the end 

of Miocene (Bonis & Koufos 1999). 
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Table 1: Giraffidae occurences in Greece (localities and age).  

 

RZI: RZI: Ravin de Zouaves-1, RZO: Ravin de Zouaves-5, PXM: Prochoma, VAT: Vathylakkos-3, DTK, DIT: Ditiko-1, 2 
respectively, PNT: Pentalophos, RPl: Ravin de la Pluie, NKT: Nikiti-1, NIK: Nikiti-2, MTH: Ano Metochi-2,3, MAR: 
Maramena, PER: Perivolaki, ALF: Alifakas, PIK: Pikermi, CHO: Chomateres, PYV: Pyrgos Vasilissis, Kerasia: KRS, KRS-
1, KRS-3, KRS-4, AHG: Achmet AGA, RHO: Rhodes, VTF: Vatera-F VOL: Volakas, SES: Sesklon, DFN: Dafnero, THB: 
Thymiana B, Samos: Qx, Q5, Q6 MLN, MYT, MTLA, MTLB, MTLC  (Iliopoulos 2003, Koufos 2006, Kostopoulos 2009, 
Lazaridis 2015, Koufos et al. 2016, Xafis et al. 2019) 
*Studied in present study
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Figure 10: Localities in Greece (a) and Axios Valley (b) with Giraffid assemblages. 1: Maramena, 2: Volax, 

3: Ano Metochi, 4: Thermopigi, 5: Nikiti-1, 6: Kryopigi, 7: Pentalophos, 8: Xirochori, 9: Ravin de la Pluie 

& Ravin de Zouaves-1, 10: Ravin de Zouaves-5, 11: Vathylakkos, 12: Prochoma, 13: Dytiko, 14: Dafnero, 

15: Alifakas, 16: Perivolaki, 17: Sesklon, 18: Kerasia, 19: Achmet Aga, 20: Halmyropotamos, 21: Pikermi, 

22: Chomateres, 23: Pyrgos Vassilisis, 24: Rhodes, 25: Samos-Mytiilini localities, 26: Thymiana, 27: 

Gavathas   

 

1.4 The Genus Palaeotragus and its Species 

Palaeotragus expanded from North Africa to Black Sea and from Balkans to China 

and it especially thrived in the Turolian communities of Eastern Mediterranean. 

“Palaeotragiinae” is probably a polyphyletic or paraphyletic subfamily that contains 

the species of the genus Palaeotragus. According to several authors (Geraads 1986, 

Godina 2002, Hou et al. 2014, Danowitz et al. 2015b), Samotherium species should be 

probably grouped within “Palaeotragiinae” subfamily.  
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Numerous species have been described as Palaeotragus from the Old World’s 

Miocene. Palaeotragus tungurensis Colbert, 1936 is a Middle Miocene species 

described from China districts. It is the oldest Palaeotragus representative, although 

it is not sure if it is valid (e.g., Solounias 2007). The type specimens are dated at 12.85-

11.2 Ma (Colbert 1936). Other Middle Miocene Palaeotragus taxa are the small-sized 

P. lavocati Heintz, 1976 from Morocco’s MN 6 and the middle-sized P. robinsoni 

Crusafont-Pairó, 1979, from Tunisia’s MN7-8 (Harris et al. 2010). Palaeotragus 

germaini Arambourg, 1959 is a species described from the Late Miocene of Africa 

(North Africa and Kenya). Unidentified Palaeotragus specimens have been described 

from Ethiopia, Kenya and Tunisia too (Robinson & Black 1974, Bishop & Pickford 1975, 

Nakaya et al. 1987, Haile-Selassie 2009).  

The vast majority of Palaeotragus species has been described from the Late 

Miocene of Eurasia (Figs 11, 12). The type species is Palaeotragus rouenii, originally 

from Pikermi (Gaudry 1861), that is characterized by small size and long, slender 

metapodials. Another important and generally accepted taxon is Palaeotragus 

coelophrys, originally from Maragheh, Iran (Rodler & Weithofer 1890). Late Miocene 

palaeotragines include, however, many more reported species: Palaeotragus 

microdon Koken, 1885 from Shansi, China, Palaeotragus quadricornis Bohlin, 1926 

from Samos, Greece, Palaeotragus expectans Borissiak, 1914 from Sevastopol, 

Ukraine, Palaeotragus pavlowae Pavlow, 1913 from Grebeniki, Ukraine, Palaeotragus 

asiaticus Godina, 1975 from Ortok, Kyrgyzstan, Palaeotragus berislavicus 

Korotkevitch, 1957 from Berislav, Ukraine, Palaeotragus moldavicus Godina, 1979 

from Starye Bogeny, Moldova, Palaeotragus hoffstetteri Ozansoy, 1965 from Sinap, 

Turkey and Palaeotragus borissiaki Alexeiev, 1930 from Eldari, Georgia. It should be 

noted that the validity of all these species has often been questioned by some experts 

(Geraads 1974, 1986). Others not only accept that over-segregation, but also propose 

the presence of three sub-genera (Godina 1975, 1979). The taxonomy of Late Miocene 

Eurasian Palaeotragus species will be later comprehensively discussed.  

Palaeotragus priasovicus Godina & Bajgusheva, 1985 and Palaeotragus 

inexpectatus (Samson & Radulesco, 1966) from the Eurasian Plio-Pleistocene are 

considered synonyms with each other and with Mitilanotherium, Macedonitherium 
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and Sogdianotherium species and they are all assigned as Palaeotragus (Kostopoulos 

& Athanassiou 2005, van der Made & Morales 2011, Athanassiou 2014).  

 

  

Figure 11: Late Miocene Eurasian Palaeotragus chronologic expansion 

 

 

Figure 12: Late Miocene Eurasian Palaeotragus geographic expansion (recovered in January 2020 from 

NOW Database)  
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1.5 Objectives of Present Study 

The main aim of the present study is a re-evaluation of the fossils attributed to the 

giraffid genus Palaeotragus from the fossil sites of Nikiti-1 (NKT), Pentalophos (PNT), 

Ravin de la Pluie (RPl) and Xirochori (XIR), all of them including a Vallesian fauna. The 

NKT material has been originally described as Palaeotragus cf. rouenii (Kostopoulos et 

al. 1996) and later considered as Palaeotragus sp. (Koufos et al. 2016). The PNT 

material has been previously referred to Palaeotragus coelophrys (Koufos 2006, 

Konidaris 2013) but never described. The large-sized Palaeotragus material from RPl 

has been attributed to Palaeotragus cf. coelophrys by Geraads (1978). Using statistic 

methods and based mainly on dental and postcranial morphology and proportions, 

the validity of the aforementioned taxonomy will be tested. As for the Xirochori 

specimen, a classification will be suggested. In order to properly classify those 

specimens, a taxonomic revision of Late Miocene Eurasian large sized Palaeotragus 

will be attempted. 
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2. METHODOLOGY 
2.1 Description & System of Measurements 

For the description of the adult dental material, the nomenclature proposed by 

Gentry et al. (1999) is followed (Fig. 13). For the description of the deciduous lower 

premolars, the nomenclature by Geraads et al. (2013) is followed (Fig. 14).  

 

Figure 13: Terminology of adult ruminant cheek teeth: (a) upper molar; (b) upper premolar, (c) lower 

third molar (modified from Gentry et al. 1999) 

 

 

Figure 14: Terminology of lower deciduous ruminant premolar (modified from Geraads et al. 2013). 

Lower dentition is noted by using the number of the tooth as an index (e.g., M1 is 

a lower first molar). Upper dentition is noted by using the number of the tooth as an 

exponent (e.g. M1 is an upper first molar).  
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The features that were measured, are the following: The length of the total 

toothrow (LPM), the length of the premolar row (LP) and the length of the molar row 

(LM). For each individual upper premolar, its length (LPx) and its width (WPx) were 

measured. The same was applied for the studied lower deciduous premolars. On 

account of the upper molars, we measured their length (LMx), the greatest width of 

their anterior (mesial) lobe (WaMx) and the greatest width of their posterior (distal) 

lobe (WpMx). The same measurements were taken for the lower molars too. As for 

the M3, which consists of three lobes, the measurements incude the greatest width of 

the anterior lobe (WaM3), the greatest width of the middle lobe (WmM3) and the 

greatest width of the posterior lobe (WpM3). All measurements were taken with a 

digital caliper at 0.01 mm precision. 

Terminology by Rios et al. (2016) is followed for the description of the metapodials 

(Figs 15, 16). Terminology by Schmid (1972) was used for the description of the rest 

postcranial bones. 

 

Figure 15: Morphology of giraffid metapodials: (1) metacarpal palmar view; (2) metatarsal dorsal 

view; (3) pygmaios (recovered from Rios et al. 2016) 
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Figure 16: Morphology of giraffid proximal metatarsal (left) and metacarpal (right): (NC) os 

naviculocuboideum facet; (CIL) os cuneiforme intermediolaterale facet (CM) os cuneiforme mediale 

facet (HA) os hamatum facet; (TC) os trapezoideocapitatum facet; (S) synovial fossa (adopted from 

Rios et al. 2016) 

 

For the measurements of the postcranial bones, the system of measurements by 

von der Driesch (1976) was used (Figs 17-19). 

 

Figure 17: System of metapodial measurements based on von der Driesch (1976): (GL) Greatest 

Length; (Bm) Breadth of the middle shaft; (Dm) Depth of the middle shaft; (Bp) Greatest Breadth of 

the proximal end; (Dp) Greatest Depth of the proximal end; (Bd) Greatest Breadth of the distal end; 

(Dd) Greatest Depth of the distal end. The same system of measurements was used for all the long 

bones (modified from Maniakas & Kostopoulos 2017) 
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Figure 18: System of astragalus measurements based on von der Driesch (1976): (Dm) Greatest Depth 

of the medial half; (GLm) Greatest Length of the medial half; (GLl) Greatest Length of the lateral half; 

(Dl) Greatest Depth of the lateral half; (Bp) Greatest Breadth of the proximal end; (Bd) Greatest 

Breadth of the distal end (modified from Rios 2018) 

 

 

Figure 19: System of calcaneus measurements based on von der Driesch (1976): (GL) Greatest Length; 

(GB) Greatest Breadth (modified from Pales & Garcia 1981)  

 

2.2 Studied and Comparative Material 

All the studied material comes from the collections of the Laboratory of Geology 

& Palaeontology of the AUTh and takes part of the Museum of Geology-

Palaeontology-Palaeoanthropology of AUTh collections.  
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Fossils’ photos from the following museums were used, as comparative material 

for the morphology of dental and skull specimens: AeMNH, AMNH, AMPG, AUTh, 

CMNH, EU, MCML, MNHN, MSU, MTA, NHMW, NMENH, NMNSU (curtesy D.S. 

Kostopoulos). 

 The morphology of the studied postcranial bones was compared with 

Palaeotragus rouenii postcranials, from the sites Perivolaki and Nikiti-2. That 

comparative material also belongs to the collections of the Museum of Geology-

Palaeontology-Palaeoanthropology of the Aristotle University of Thessaloniki. 

Measurements by Godina (1979) (from CRGEM, NMENH, NMNSU, OSU, PIN, RSGU 

and SIZK), Iliopoulos (2003) (from AMPG, AMNH, NHML and several authors) and 

Kostopoulos (personal measurements from the AMNH, MGML, MNHN, MMTT, 

NMENH and HUM) were used for metric comparisons. 

 

 2.3 Sites 

The fossil giraffid material studied in this work comes from four fossiliferous 

localities of Northern Greece (Fig. 13).  

 

Figure 13: The four examined fossiliferous localities of Northern Greece. (1) Pentalophos; (2) Xirochori; 
(3) Ravin de la Pluie; (4) Nikiti (Photo recovered from Google Maps)  
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2.3.1 Axios Valley 

Axios Valley is located northwestern of Thessaloniki and contains numerous 

fossiliferous sites. The first excavation in Axios Valley took place in 1915 by the French 

geologist C. Arambourg. From 1972 until 2012 the Laboratory of Geology & 

Palaeontology of the AUTh, in collaboration with the universities of Paris and of 

Poitiers (PIs: I. Melentis and then G.D. Koufos for the Greek part and L. de Bonis and 

then G. Merceron for the French one) conducted long lasting systematic excavations 

in the area, unearthing thousands of mammal fossils from more than 10 fossil sites, 

the most important ones being:  Xirochori (XIR), Pentalophos (PNT), Ravin de la Pluie 

(RPl), Ravin de Zouaves-1 (RZI), Ravin de Zouaves-5 (RZO), Prochoma (PXM), 

Vathylakkos (VLO, VTK, VAT) and Ditiko-1, 2, 3 (DTK, DIT, DKO) respectively. The sites 

and their faunas cover the whole Late Miocene (Table 2); their stratigraphic context is 

given in Figure 14.  

Palaeotragus material from the sites PNT, XIR and RPl is examined in the present 

master thesis. All those sites are included in Nea Messimvria formation, consisting of 

alternations of gravels, sands, red clays, and conglomerates, which are dated to the 

first part of the Upper Miocene, bearing a characteristically Vallesian fauna. 

Specifically, the fauna from PNT is dated as late Εarly Vallesian (MN 9), while XIR, and 

RPl are dated as Late Vallesian (MN 10) (Koufos 1990, Konidaris 2013). The faunas of 

PNT, RPl and XIR are shown in Tables 2, 3 and 4 respectively. 
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Figure 14: Stratigraphic setting of Upper Miocene fossil sites from Axios Valley (modified from Koufos 
1990)
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Table 2: The faunal composition of PNT (modified from Koufos 2006, Konidaris 2013). Species marked 
in bold are included in the present study 

Artiodactyla Perissodactyla 
Palaeogiraffa macedoniae 
?Palaeotragus coelophrys 

Ouzocerus pentalophosi 
Helladorcas geraadsi 

?Gazella sp. 
Protoryx sp. 

 

Hipparion cf. sebastopolitanum 
Hipparion macedonicum 

Ancylotherium hellenicum 
Chilotherium kiliasi 

Acerorhinus cf. zernovi 
“Diceros” neumayri 

 

Tubulidentata Proboscidea Carnivora 
Orycteropus pottieri Choerolophodon anatolicus Dinocrocuta gigantea 

Protictitherium cf. crassum 
 

 

 

Table 3: The faunal composition of RPl (modified from Koufos 2006, Konidaris 2013). Species marked in 
bold are included in the present study 

Artiodactyla Carnivora Perissodactyla 
Palaeogiraffa major 

Palaeotragus cf. coelophrys 
Palaeotragus cf. rouenii 

Bohlinia cf. attica 
Mesebriacerus melentisi 
Samotragus praecursor 

Postrepsiceros vallesiensis 
Palaeoryx sp. 

 

Metailurus parvulus 
Adcrocuta eximia 

Protictitherium thessalonikensis 
Protictitherium aff. intermedium 

Hyaenictis sp. 
Eomellivora wimani 

Hipparion sebastopolitanum 
Hipparion macedonicum 

Rhinocerotidae indet. 

Eulipothyphla Rodentia Primates Proboscidea 
Palerinaceus sp. Speromphilinus sp. 

Progonomys cathalai 
Ouranopithecus 
macedoniencis 

Deinotherium giganteum 
Choerolophodon pentelici 
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Table 4: The faunal composition of XIR (modified from Koufos 2006, Konidaris 2013) 

Artiodactyla Proboscidea Perissodactyla 
Palaeogiraffa pamiri 

Ouzoceus sp. 
Samotragus praecursor 

?Palaeoryx sp. 
 

Choerolophodon pentelici Hipparion sp., 
“Diceros” neumayri 

Carnivora Primates 
Adcrocuta eximia, 

Protictitherium crissum, 
Dinocrocuta sp. 

 

Ouranopithecus macedoniensis 

 

2.3.2 Nikiti 

Nikiti fossiliferous assemblage is located at Sithonia, Chalkidiki, very close to the 

village of Nikiti. Excavations have been carried out in Nikiti from 1990 to 2005 (Koufos 

et al. 1991), when fossils discovered due to the opening of the road Nikiti – Agios 

Nikolaos (Koufos et al. 1991). The local stratigraphy (Fig. 15) includes two Formations: 

Nikiti Formation, consisting of intercalations of pebbles covered by red-brown sands, 

sandstones and finally red beds, and Nikolaos Formation consisting of marls, marly 

limestones, clays, sands and sandstones. 

Nikiti fossil sites are located into the upper part of the homonymous Formation, 

within the red beds (Koufos et al. 1991). Two fossil sites have been discovered: Nikiti-

1 (NKT) bearing a Late Vallesian fauna (latest MN10) and Nikiti-2 (NIK) bearing an Early 

Turolian (MN 11) fauna (Kostopoulos & Koufos 1999, Koufos 2000, Vlachou & Koufos 

2002). Palaeotragus material from NKT is studied in this work. The fauna of NKT is 

shown in Table 5.  
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Figure 15: Stratigraphic column of Nikiti Formation indicating the position of the fossil sites NKT and 

NIK (recovered from Koufos 2016) 

 

Table 5: The faunal composition of NKT (Koufos et al. 2016). Species marked in bold are included in the 
present study 

Artiodactyla 
 

Perissodactyla 

Helladotherium duvernoyi 
Bohlinia nikitiae 
Bohlinia attica 

Palaeotragus sp. 
Postrepsiceros syridisi 

Hispanodorcas cf. orientalis 
Microstonyx major 

Miotragocerus nov. sp. 

Hipparion aff. giganteum 
Hipparion macedonicum 

 “Diceros” neumayri 
Dihoplus pikermiensis 

Primates Carnivora 
Ouranopithecus macedoniensis Hyaenidae indet. 

 

2.4 Statistical Analyses and Illustrations 

The PAST software (Hammer et al. 2001) was used for the statistical analyses. The 

program Inkscape was used for the dental and metapodial illustrations provided. The 

program Adobe Photoshop was used for the processing of the studied material from 

NKT, PNT, RPl and XIR. 

 

 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
26 

 

3. SYSTEMATIC PALEONTOLOGY 

Order: ARTIODACTYLA, Owen 1848 

Family: Giraffidae Gray, 1821 

(Subfamily: Palaeotraginae Pilgrim, 1911) 

Genus: Palaeotragus Gaudry, 1861 

Type Species: Palaeotragus rouenii Gaudry, 1861 from Pikermi, Greece 

 

3. 1. Description 

3.1.1. Site: Nikiti-1 (NKT) 

Material – A skull with two complete toothrows (NKT-172); a left humerus distal 

articulation (NKT-161); three left radii (NKT-156, NKT-159, NKT-169); a right radius 

(NKT-155); a proximal part of radius (NKT-167); two right metacarpals (NKT-137, NKT-

141); a left metacarpal (NKT-131); two proximal parts of left metacarpals (NKT-26, 

NKT-67); a right tibia (NKT-271); two distal parts of tibia (NKT-150, NKT-154); two left 

astragali (NKT-163, NKT-266); a right astragalus (NKT-267); two right calcanei (NKT-

153, NKT-268); four left metatarsals (NKT-133, NKT-136, NKT-139, NKT-160); two right 

metatarsals (NKT-138, NKT-144); a distal part of a right metatarsal (NKT-151); three 

proximal parts of right metatarsals (NKT-132, NKT-140, NKT-168). The material is 

illustrated in Plates 1-8. 

Description - The skull (Pl. 1) is moderately deformed, and laterally compressed. It 

preserves both toothrows but in the left one the molars are in bad conservation status. 

The mesial margin of the orbit reaches the level of M3. Τhe length from the mesial 

edge of the orbit to the mesial root of P2 is 154 mm. A pair of supraorbital ossicones 

is present, both broken near the base. It can be assumed that the ossicones are placed 

relatively centrally, although the skull is deformed. The basal anteroposterior 

diameter of the ossicones is 43.4 mm, while the transverse diameter is ~32 mm.  

The labial side of the left molars is damaged. The toothrows are not very worn. 

The P2
 and P3 are circular lingually. Labially the parastyle and the paracone ribs are 
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well-developed. The metastyle is not well-developed, so those teeth are flattened 

labially and distally. The P2’s and P3’s fossettes are wide and U-shaped. However, in 

the distal region of the P3’s fossette there is a hypoconal fold. In contrast to P2 and P3, 

the P4 has a more pronounced metastyle. It is a more squared tooth than the P2 and 

P3, as it is less convex lingually. Moreover, in the disto-lingual part of P4’s base there is 

a style that reaches almost to the half of the crown’s height. Finally, its fossette is wide 

and simple.   

The molars, especially M2 and M3, are slightly worn and have well-developed 

parastyle, paracone rib, mesostyle and metastyle. Metacone’s labial rib is almost flat. 

In M1
 and M2

 there is a weak labial cingulum. Finally, there is a labial style in the basis 

of the metacone in M3. Lingually, the protocone and the hypocone are almost equally 

prominent and of similar shape on the M1
 and M2. In M3 the protocone is more 

prominent than the hypocone. As a result, the mesial and distal lobes are of equal size 

at M1 and M2, while the mesial lobe is larger in M3.  The distal protocone and mesial 

hypocone flanges converge in the middle of the tooth. The hypocone flange tends to 

connect with the metastyle distally. In fact, in M3, which is less worn than the other 

two molars, the hypocone flange and the metastyle are connected. Mesially, the 

hypocone flange disrupts the mesial fossette and meets the postparacrista. As a result, 

the size of the mesial fossette is limited, and the distal area of the protocone flange 

reaches almost at the middle of the tooth. Mesially, the protocone flange is connected 

to the parastyle. Both fossettes are U-shaped. Only in the M2 a very weak hypoconal 

fold is observed.  Dental measurements are given in Table 6. 
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Table 6: Dental measurements of the toothrows of the NKT skull (in mm). L: Length, W: Width 

Measurements Code 

NKT-172 left NKT-172 right 

LPM 141.41 146.1 

LP 62.35 63.49 

LM 85.1 84.9 

LP2 22.4 21.61 

WP2 18.93 18.91 

LP3 20.79 21.2 

WP3 23.5 21.18 

LP4 20.66 20.14 

WP4 27.26 24.72 

LM1 25.59 29.46 

WaM1  27.8 

WpM1  26.3 

LM2 29.87 30.22 

WaM2 33.29 28.14 

WpM2  28.25 

LM3 27.66 30.58 

WaM3 141.41 31.63 

WpM3 62.35 27.68 

 

The only available measurements for the distal fragment of the humerus from 

NKT (Pl. 2) were the breadth and the depth of its distal end (85.4 mm and 40.94 mm 

respectively). Its size is intermediate between P. rouenii and P. coelophrys. It has the 

same breadth with a P. microdon specimen described by Bohlin (1926). On NKT’s 

specimen, the olecranon fossa is deep, wide and U-shaped. Other features of the 

humerus are not evident due to specimen’s conservation status.  

The radii (Pl. 3) are all elongated. They are relatively slender, being much 

slenderer than those of P. coelophrys and slightly more robust than those of the P. 

rouenii. A general difference in between the NKT’s specimens is that two of them are 

fairly curved, while the other two are straight. The cross section of the bones is 

crescent shaped throughout bone’s length, as the bone is rounded cranially and 

straight caudally. The two epiphyses’ areas are both much wider than the shaft, since 

they both tilt medially and laterally. In the specimen NKT-159 the olecranon is evident 

but broken. It seems to greatly tilt laterally and distally. Traces of olecranon are 

preserved in specimens NKT-155 and NKT-169 too. In the proximal articular surface, 

the medial region is much larger than the lateral and it is either rectangular or it has a 
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shape of a quarter of a circle, while the lateral region is quadrangular. The medial 

tuberosity is not developed. A tilted narrow crest divides the distal articular surface in 

two equal subregions, representing the articular surfaces for the scaphoideum and 

semilunare. They are both round and slightly concave. The semilunare surface is 

interrupted by a convex protrusion distally. In four of the examined radii a V-shaped 

formation at the cranial part of the distal epiphysis indicates the presence of the 

extensor carpi radialis muscle. Measurements are given in Table 7. 

The three best preserved metacarpals (Pl. 4) vary in length, however the 

robusticity indices are similar and show that the metacarpals are as slender as but 

shorter than in P. rouenii. The lateral and medial epicondyles are asymmetrical. The 

lateral epicondyle has half the size of the medial, and it is of square or rectangular 

shape. The medial epicondyle is circular dorsally and has an overall shape of a half-

circle or of the ¼ of a circle. There is a fossa in the middle of the two epicondyles. That 

fossa seems to continue in the medial epicondyle. The medial and lateral epicondyles 

continue to the medial and lateral ridges respectively. The ridges are similar in width 

and morphology. They are both rounded near the proximal end and they become 

slenderer and sharper in the shaft area. The central trough is very deep near the 

proximal end of the bone but becomes shallower and flatter towards the distal end. 

The trough’s width is variable. However, it can be said that the longer the bone, the 

wider is the trough. The pyramidal rise is absent in most of the specimens. Only in 

NKT-137 seems to be a slight protrusion that could be attributed to the pyramidal rise, 

however it is not prominent at all. The keels of the distal epicondyles are more 

prominent palmary, and they also extend onto the distal end of the palmar side of the 

shaft. Measurements are given in Table 8. 

Three tibia specimens have been found in NKT (Pl. 5). Proximally, the angle of the 

sulcus mascularis is obtuse, relatively to Bos and Cervus. The tuberosity is not clearly 

evident, but it does not seem to be pronounced. The tibial crest, as in all ruminants, is 

laterally tilted. The lateral condyle is somewhat damaged laterally and cranially. In the 

distal tibia fragment NKT-154 the cross section of the distal shaft is rectangular. In the 

other two specimens this is not obvious, probably due to taphonomic processes. The 

distal articular surface has a broad rectangular shape, and the articular surface for the 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
30 

 

medial malleolus is quietly prominent. The cochlear crest, that separates the cochlear 

furrows, is moderately prominent; it creates caudally a very strong edge, while 

cranially the edge is weak. Measurements are given in Table 9. 

As for the astragali (Pl. 6), the size of the NKTs specimens is intermediate between 

the group of small Palaeotragus and the group of the bulky Palaeotragus. NKT’s 

specimens are rectangular in shape, as the lateral and medial lengths are of almost 

equal size and they are not thick medially. The proximal and the distal edges are of 

similar width. The lateral and medial crests are equally thick, with the lateral pointing 

posteriorly, and the medial slightly tilting medially. Proximally, the intertrochlear 

groove is shallow. The lateral side of the astragali is somewhat concave, forming a 

greater depression distally. The dorsal side is smooth. The intertrochlear groove 

begins in the distal edge of the astragali and leads to a plantar triangular-shaped 

cavity. That cavity is prominent on NKT-266 and NKT-163, while it is weaker on NKT-

267. Finally, the two lateral crests and the two medial crests are both separated by an 

equally shallow furrow. Measurements are given in Table 10. 

Two right calcanei were collected (Pl. 7). Their size falls into P. rouenii range. The 

calcaneus NKT-153 is bigger, having a more robust corpus than NKT-268. However, 

NKT-268 head seems to be stronger relatively to the corpus, than the NKT-153. Both 

the dorsal and plantar crests are parallel to the bone axis. The calcaneal tuberosity is 

prominent, however it is weathered in both of the specimens. In NKT-268 a medial 

crest separates the calcaneal tuberosity from the rest of the calcaneal corpus. The 

sustentaculum tali is somewhat damaged in NKT-153, while it is robust in the other 

specimen. The proximal-plantar articular surface for the astragalus consists of two 

concave surfaces, with the plantar one being almost double in size than the dorsal. 

Medially, there is another articular surface for the astragalus, which is fairly deep and 

concave. The articular surface for the scaphocuboideum is plantarly located and 

somewhat damaged in both the specimens. Dorsally, there is a well-developed, 

articular facet for the malleolus. Measurements are given in Table 11. 

The metatarsals (Pl. 8) demonstrate a variation in both the total length and the 

robusticity indices, as some specimens are rather slender (with slenderness similar to 
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P. rouenii), whereas some others are extremely robust (similar to P. coelophrys group). 

Those differences on the robustness should be attributed to the metatarsals’ 

taphonomic compression. For example, the extreme robustness of the specimen NKT-

133 has been clearly exaggerated by taphonomic processes. The two proximal 

epicondyles demonstrate some differences. First of all, the lateral epicondyle is 

smaller and subdivided in two regions, the dorsal and the plantar heads. In contrast, 

in the medial proximal epicondyle this separation is not evident. Those epicondyles’ 

heads represent the articular surfaces for the tarsal bones. The articular surface for 

the naviculocuboideum bone is the largest, the articular surface for the os cuneiforme 

intermediolaterale has almost half the size of the first and finally the articular surface 

for the os cuneiforme mediale is by far the smallest. The medial epicondyle has a 

trapezoid shape. The lateral dorsal head is more circular. The shape of the lateral 

plantar head is intermediate in shape. The pygmaios is strongly reduced to absent. 

The central trough varies in the studied specimens. However, it is significantly shallow 

and it disappears towards the distal end of the bone. In most of the specimens it 

disappears at about the middle of the shaft. The width of the trough also varies and it 

seems to follow the total bone width. The proximal, plantar fossa is present, weak and 

communicates with the central trough in the specimen NKT-139 whereas it is absent 

in the specimen NKT-133, NKT-136 and NKT-169. The bad conservation status of the 

other specimens does not allow to identify the presence of that fossa. In contrast to 

the metacarpals, a dorsal trough is evident; it is deeper at the distal end of the bone, 

becomes shallower upwards and disappears at the proximal end. The distal end of the 

metatarsals is similar to the distal end of the metacarpals.  Postcranial measurements 

are provided in Tables 7-12.  
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Table 7: Measurements for the NKT radii (in mm). GL: Greatest Length; Bp: Breadth of the proximal 
end; Dp: Depth of the proximal end; Bpart: Breadth of the proximal articular surface; Bdia: Breadth in 
the middle of the shaft; Ddia: Depth In the middle of the shaft; Bd: Breadth of the distal end; Dd: 
Depth of the distal end  

Measurements Code 

NKT-159 NKT-167 NKT-156 NKT-155 NKT-169 

R-GL 449  462 476 470 

R-Bp 82.42 88.05 81.24 82.82 71.45 

R-Dp 53.25 46.82 44.64 49 40.74 

R-Bpart   67.95 73.83  

R-Bdia 48.18 48.25 51.47 49.61 51.25 

R-Ddia 36.03 35.02 41.64 33.26 30.77 

R-Bd 75.51  75.66 80.59 73.95 

R-Dd 55.17  54.47 51.78 42.6 

 

Table 8: Measurements for the NKT metacarpals (in mm). GL: Greatest Length; Bp: Breadth of the 
proximal end; Dp: Depth of the proximal end; Bdia: Breadth in the middle of the shaft; Ddia: Depth In 
the middle of the shaft; Bd: Breadth of the distal end; Dd: Depth of the distal end  

Measurements Code 

NKT-141 NKT-137 NKT-131 NKT-67 NKT-26 

Mc-GL 409 378 380   

Mc-Bp 64.68 57.89 64.6 70.37 61.15 

Mc-Dp 40.25 32.71 46.55 39.63 41.28 

Mc-Bdia 35.8 31.68 32.79 42.3  

Mc-Ddia 31.44 31.21 30.74 30.79  

Mc-Bd 63.41 60.26 61.65   

Mc-Dd 38.19 35.56 37.16   
 

Table 9: Measurements for the NKT tibiae (in mm). GL: Greatest Length; Bp: Breadth of the proximal 
end; Dp: Depth of the proximal end; Bdia: Breadth in the middle of the shaft; Ddia: Depth In the middle 
of the shaft; Bd: Breadth of the distal end; Dd: Depth of the distal end  

Measurements Code 

NKT-271 NKT-150 NKT-154 

T-GL 451   

T-Bp 82.57   

T-Dp 82.07   

T-Bdia 50.4 45.49 47.78 

T-Ddia 35.53 36.98 39.6 

T-Bd 81.6 67.53 68.9 

T-Dd 55.79 54.73 45.77 
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Table 10: Measurements for the NKT astragali (in mm). GLl: Greatest Lateral Length; GLm: Greatest 
Medial Length; Bp: Breadth of the proximal end; Dl: Lateral Depth; Dm: Medial Depth; Bd: Breadth of 
the distal end 

Measurements Code 

NKT-267 NKT-63 NKT-166 

A-GLI 78.58 77.83 78.64 

A-GLm 70.75 72.57 67.41 

A-Bp 49.29 52.01 50.17 

A-DI 45.4 43.42 49.2 

A-Dm 47.25 46.36 51.3 

A-Bd 47.03 50.96 50 
 

Table 11: Measurements for the NKT calcanei (in mm). GL: Greatest Length, GB: Greatest Breadth, 
GAP: Greatest Anteroposterior diameter 

Measurements Code 

NKT-268 NKT-153 

C-GL 136.61 147.35 

C-GB 45.76 55 
 

Table 12: Measurements for the NKT metatarsals (in mm). GL: Greatest Length; Bp: Breadth of the 
proximal end; Dp: Depth of the proximal end; Bdia: Breadth in the middle of the shaft; Ddia: Depth In 
the middle of the shaft; Bd: Breadth of the distal end; Dd: Depth of the distal end  

Measurements Code 

NKT-
136 

NKT-
160 

NKT-
139 

NKT-
133 

NKT-
144 

NKT-
138 

NKT-
168 

NKT-
151 

NKT-
140 

NKT-
132 

Mt-GL 414 409 386 412 415 436     

Mt-Bp 58.86 60.85 52.45 62.76 59.5 59.46 56.44  58.42 54.81 

Mt-Dp 57.83 49.49 54.62 53.06 45.71  50.44  44.82  

Mt-Bdia 34.22 41.25 33.65 49.6 33.35 31.94 38.48 40.73 40.98 32.8 

Mt-Ddia 33.58 34.93 29.68 28.75 33.05 30.21 36.3 31.35 34 35.18 

Mt-Bd  64.8 57.84 60.56 57.89   61.19   

Mt-Dd  38.49 35.3 40.47 35.68 33.92  37.81   

 

3.1.2 Site: Pentalophos (PNT) 

Material – Right maxilla with P2-M3 (PNT-113); part of left maxilla with M2-M3 (PNT-

165); an upper right P2 (PNT-161); upper right P2-P3 (PNT-162); upper right P2-P3; upper 

left P3 (PNT-164); part of right mandible with M1-M3
 (PNT-328F); part of right mandible 

with dP2-M1 (PNT-121F); distal part of left humerus; proximal parts of a right and a left 

metatarsal (PNT-114F, PNT-119F). The material is illustrated in Plates 9-15. 

Description – All the premolars’ labial ribs and styles (parastyle, paracone, metastyle) 

are well developed (Pl. 9-11). The hypocone is not well developed, but it can be 
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distinguished. The enamel is finely rugosed especially on the lingual side of the 

premolars. In some of the premolars a well-developed lingual cingulum can be seen 

(PNT-162, PNT-163, PNT-164). In the available P2 and P3 the parastyle and paracone 

ribs are close to each other and the enamel is folded in the area of parastyle towards 

the paracone. Moreover, these teeth are lingually rounded and they delineate an 

almost half circle from lingual to labial side. P2 and P3 are inflated at the basis. The P2 

of the PNT-113 toothrow has a prominent style disto-labially, that reaches almost to 

the 1/3 of the crown’s height. In the single available P4, the paracone is more centrally 

placed, however it is slightly folded towards the parastyle. In addition, the tooth is not 

rounded lingually, but triangularly shaped. The fossettes of the P2 are distorted, so 

there are not a lot of things that can be said, except that they are wide. The fossettes 

of the P3 and P4 are also wide. They show a hypoconal fold distally.   

The molars are typically giraffid (Pl. 9, 10). The most prominent labial features are 

the parastyle, the paracone rib and the mesostyle. The metastyle is weakly developed 

in M1-M2 and equally developed to the parastyle in M3. Lingually, the protocone is 

more prominent than the hypocone, especially in the M3. The mesial lobe is wider and 

squared shaped. The distal lobe is narrower and more round. The fossettes converge 

in the center of the tooth but they never fuse. The hypocone flange reaches almost at 

the labial side of the molar, stopping just before the mesostyle mesially and the 

metastyle distally. The protocone flange, reaches almost at the parastyle mesially. 

Distally, it reaches almost at the center of the tooth, meaning that it rests away from 

the mesostyle. The enamel is finely rugosed in all the teeth. The molars of PNT-165 

have a lingual cingulum, which is stronger in the mesial lobe than in the distal. Even if 

the PNT-165 molars are a little less worn than those of PNT-113, the basic features are 

the same. Finally, the molars of the right maxilla specimen (PNT-113) have a fine 

cement cover, mostly labially. Measurements of upper teeth are given in Table 13. 

The right mandible (PNT-328F; Pl. 12) preserves only the molars. The most 

prominent lingual characteristic is the metastylid, and then the metaconid. The 

entoconid is clear, but in contrast with the metastylid and the metaconid, it is not well-

developed. In the distal, lingual side of the M1 and M2 the entoconulid is clear but not 

prominent. The entoconulid of the M2 is completely separated from the hypocone 
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region in the upper part of the crown. The same applies probably for the entoconulid 

of M1. However, this is not certain as the tooth is more worn than the M2. The two 

lobes of the molars are well-distinguished. The praentocristid penetrates in the mesial 

fossette, separating the labial and lingual side of the mesial lobe. Protoconid and 

hypoconid are almost equally developed. M1 bears an ectostylid. In Μ2 the ectostylid 

is less prominent, and absent in M3. Finally, the hypoconulid is pointed labially and 

parallel to the protoconid and hypoconid. Lingually, the third lobe of the M3 is 

separated from the second one by a shallow, yet clear, furrow. The teeth preserve a 

fine cement cover. Cingulum appears strong on M1, but weak on M2. M3 has no 

cingulum. The mandibular height at the M1-M2 level is 48.9 mm, while it is 53.6 mm at 

M3’s distal lobe level. Measurements are given in Table 14. 

The right mandible with the deciduous dentition (Pl. 13) consists of the series of 

milk premolars and M1. The dP2 is of primitive morphology. The paraconid and 

anteparaconid (=parastylid) are barely distinguished from each other lingually and 

mesially. The protoconid is the strongest element of the tooth and it is placed 

medially. Distally, the entoconid and the hypoconulid are distinguished in the upper 

part of the crown, whereas they fuse in the lower. The hypoconid is prominent, placed 

more labially. The dP3 is a micrography of a lower ruminant adult premolar. Firstly, 

paraconid and anteparaconid are pointed lingually and they are well distinguished in 

the upper part of the crown, whereas they fuse each other toward the base of the 

crown. The metaconid and protoconid are the most prominent features (especially 

the protoconid). They fuse distally and they are folded and oriented mesially. The 

mesosinusid is lingually open. The distal and mesial part of the dP3 are clearly 

separated, in the area of the metaconid and protoconid fusion. The distal region 

consists of the hypoconid, hypoconulid and entoconid. The hypoconulid is equally 

developed with the protoconid. Hypoconulid and entocristid are distinguished in the 

upper part of the crown but they fuse below. The metasinusid is clear but weaker than 

the mesosinusid. The dP4 has the morphology of a three-lobe molar. There are two 

prominent ectostylids. The mesial lobe is distorted, although it seems that its ribs and 

stylids are weaker. In the two distal lobes the labial cones are equally developed. The 

lingual ribs and stylids are weaker too, as they are in the mesial lobe. The distal flange 
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of the third labial cone reach the lingual side of the tooth. The distal flange of the 

second labial cone is also well-developed and it is placed next to the metastylid; it is 

the feature that separates the second from the third lobe. Finally, M1’s morphology 

agrees with the morphology of M1 from the adult toothrow described earlier; the 

metaconid, metastylid, entoconid and entoconulid ribs are developed in some point 

in the upper half of the crown. There is no cement neither cingulum. Dental 

measurements are provided in Table 15. Morphological features of the very few 

preserved postcranials (Pl. 14-15) are provided directly on the comparison chapter; 

measurements are given in Table 16. 

Table 13: Measurements of the PNT upper teeth (in mm). L: Length, W: Width 

Measurements Code 

PNT-
113 

PNT-
165 

PNT-
152 

PNT-
163 

PNT-
161 

PNT-
164 

LPM 138.45      

LP 59.5      

LM 82.14      

LP2 17.42  20.06 19.32 19.02  

WP2 19.54  18.73 19.54 19.17  

LP3 20.21  20.53 20.8  21.4 

WP3 21.2  21.65 24.37  24.1 

LP4 20.47      

WP4 26.05      

LM1 26.8      

WaM1 28.13      

WpM1 27.62      

LM2 30.1 28.6     

WaM2 31.06 28.15     

WpM2 26.8 26.23     

LM3 29.36 31.64     

WaM3 18.1 30.26     

WpM3 24.18 26.74     
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Table 14: Dental measurements of the mandible from PNT (in mm). L: Length, W: Width 

Measurements Code 

PNT-328F 

LM 97 

LM1 28.18 

WaM1 18.55 

WpM1 21.45 

LM2 28.05 

WaM2 22.31 

WpM2 23.5 

LM3 38.08 

WaM3 21.37 

WpM3 21.96 

W3M3 16.7 
 

Table 15: Dental measurements of the mandible with the deciduous teeth from PNT (in mm). L: 
Length, W: Width 

Measurements Code 

PNT-121F 

LdP 69.79 

LdP2 15.82 

WdP2 8.38 

LdP3 22.98 

WdP3 9.71 

LdP4 31.03 

WadP4 11.34 

WmdP4 16.23 

Wpdp4 16.14 

LM1 28.88 

WaM1 20.12 

WpM1 20.06 

 

Table 16: Measurements for the PNT metatarsals (in mm). Bp: Breadth of the proximal end; Dp: 
Depth of the proximal end; Bdia: Breadth in the middle of the shaft; Ddia: Depth In the middle of the 
shaft  

Measurements Code 

PNT-119F PNT-114F 

Mc-Bp 62.98 60.39 

Mc-Dp 60.75 57.58 

Mc-Bdia 37.02 40.66 

Mc-Ddia 37.2 32.81 
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3.1.3 Site: Ravin de la Pluie (RPl) 

Material – A ‘hornless’ skull with a highly worn toothrow (RPl-91B); part of right 

mandible, with highly worn M1-M3
 (RPL-104F) An isolated upper molar (M1 or M2) (RPl-

315n). The material is illustrated in plates 16-17. 

Description – Although the skull is deformed (Pl. 16) it is evident that lacks ossicones, 

and it demonstrates a flattened frontal region probably representing a female 

individual. The parietal region is strongly compressed. The postorbital region is 

elongated. The mesial border of the orbit reaches almost at the level of the center of 

M3. In the right side of the skull the auditory canal is evident and has the shape of the 

¼ of a circle. The length from the mesial margin of the orbit to the mesial root of P2 is 

153.79. The height of the orbit is 58.91 mm, while the horizontal (caudo-rostral) 

diameter is 59.19 mm. Finally, the width of the region of the frontal bone behind the 

orbits is 95.36 mm. 

The toothrow of the skull RPl-91B is strongly worn. The premolars’ width is similar 

to that of the molars (especially the width of P4). P2 and P3 are lingually circular. 

Labially, the paracone, parastyle and metacone ribs are all well-developed. The 

premolar fossettes demonstrate a slight hypoconal fold. P4 is more laterally flattened 

than P2 and P3 and it is more acute lingually than the other premolars, which are 

circular. It also demonstrates strong parastyle, paracone rib and metastyle. The 

molars’ labial ribs are not well-developed, especially when compared to PNT or NKT 

molars likely due to advanced wear stage and damages during and after fossilization. 

Finally, little quantity of cement is observed labially. 

The mandible RPL-104F (Pl. 17) preserves only the molars. The mandibular height 

is 48,9 mm at the level of M1-M2 and 53.6 at level of the distal lobe of the M3. The 

lingual ribs seem to be very weak though the dentition is in very advanced wear stage. 

Labially, M1’s lobes are pointed centrally, M2’s lobes are slightly pointed centrally, 

while M3’s lobes are more distally pointed. The M3’s distal lobe is pointed completely 

distally. The distal lobe of M3 is separated lingually only by a slight groove, although 

the separation is clear. Cingulum and cement are absent. Dental measurements 

provided in Tables 17-18. 
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 Table 17: Dental measurements from the toothrows of the RPl skull (in mm). L: Length, W: Width 

Measurements Code 

RPl-91 left RPl-91 right 

LPM 152.25 147.4 

LP 68.68 62.81 

LM 94.07 85.41 

LP2 18.82 22.88 

WP2 20.44 20.62 

LP3 21.61 21.25 

WP3 23.67 22.61 

LP4 21.14 19.21 

WP4 26.04 26.64 

LM1 24.82 23.96 

WaM1 26.85 27.42 

WpM1 26.28 26.85 

LM2 28.5 30.51 

WaM2 29.21 28.7 

WpM2 27.81 27.38 

LM3 28.63 28.47 

WaM3 28.18 26.41 

WpM3 24.59 22.41 
 

Table 18: Dental measurements from the toothrows of the RPl mandible (in mm). L: Length, W: Width 

Measurements Code 

RPl-104 

LM 89.59 

LM1 24.92 

WaM1 17.09 

WpM1 17.38 

LM2 25.8 

WaM2 18.3 

WpM2 19.24 

LM3 39.15 

WaM3 18.89 

WpM3 19.91 

W3M3 10.97 
 

3.1.4 Site: Xirochori (XIR) 

Material – Part of right mandible with M2-M3 (XIR-24) 

Description – The morphology of XIR M2 and M3 (Pl. 18) is almost identical to that of 

RPl, although the teeth from XIR are less worn. As a result, a very strong metaconid is 

lingually observed. The lingual ribs and stylids are not well-developed. The only 

prominent element is that of the metastylid. The second and third lobe of the M3 are 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
40 

 

distinguished by a very shallow groove, as in RPl. Labially, the protoconid and 

hypoconid are both fairly sharper in M2 than in M3. All the lobes are pointed distally. 

One difference between XIR and RPl teeth is that the third lobe of M3 is pointed more 

distally in RPl. A weak entoconid is observed in M2. A strong entoconid is observed 

between the first and the second lobe of M3, while a weaker one between the second 

and the third lobe. Neither cingulum nor cement is observed. Dental measurements 

are provided in Table 20. 

Table 20: Measurements of the XIR lower teeth (in mm). L: Length, W: Width 

Measurements Code 

XIR-24 

LM2 26.93 

WaM2 19.55 

WpM3 19.04 

LM3 40.33 

WaM3 20.06 

WpM3 20.00 

W3M3 11.95 

 

3.2. Comparison 

3.2.1 The taxonomy of Late Miocene Eurasian Palaeotragus 

Assessing relationships inside Late Miocene Palaeotragus representatives is a 

difficult task. A variety of species were described in the late 19th and early 20th 

centuries, in a time when the communication among different scholars was difficult. 

Since then, just a few comprehensive studies have been published, in order to 

understand Palaeotragus systematics and phylogeny (e.g. Godina 1979, Geraads 

1986), although Palaeotragus is the most common giraffid genus in the Late Miocene 

of Eurasia. 

Generally, Palaeotragus species are distinguished by means of size in two groups 

(Geraads 1974, Geraads 1986, Iliopoulos 2003, Kostopoulos & Saraç 2005, 

Kostopoulos 2009). The first group contains the small-sized Palaeotragus rouenii, P. 

microdon and P. pavlowae. For that group the name “P. rouenii” group is generally 

used. Those species are characterized by their small size and their long, slender 

metapodials. The second group contains the large sized species Palaeotragus 
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coelophrys, P. expectans, P. borissiaki, P. hoffstetteri, P. moldavicus, P. asiaticus and 

P. berislavicus. The name “P. coelophrys” group is usually suggested for that group. “P. 

coelophrys” group is characterized by the relatively larger size and the existence of 

shorter and more robust metapodials than the “P. rouenii” group.  

Another bulky Palaeotragus is P. quadricornis, from the Turolian of Samos. It is 

claimed to be distinguished by having a second pair of ossicones, although it is not 

certain whether this pair really existed at all or if it is a misinterpretation based on the 

swollen supraorbital frontals due to extended frontal sinuses (Kostopoulos 2009). As 

for Palaeotragus quadricornis, Bosscha-Erdbrink (1977), Geraads (1986) and Gentry & 

Heizmann (1996) regard it as synonym with P. coelophrys, while Geraads (1978) and 

Hamilton (1978) consider it as a valid species mainly because of the supposed 

presence of two pairs of ossicones. Palaeotragus quadricornis, also belongs to “P. 

coelophrys” group.  

Inside the “P. rouenii” group the validity of P. pavlowae is doubtful, because of its 

scarce specimens. On the other hand, a distinction between P. rouenii and P. microdon 

is considered solid, due to a number of morphological differences (Hamilton 1978, 

Kostopoulos & Saraç 2005). The taxonomy of the “P. rouenii” group will not be further 

discussed. 

As for the “P. coelophrys” group, earlier works by Geraads (1974, 1986), do not 

detect any differences among its members. He considers all these taxa as synonyms, 

proposing that they should be referred to as P. coelophrys, although he recently 

recognized the need of a deeper revision (Geraads 2013). 

On the other hand, Godina (1979) has a different point view. Firstly, he considers 

features, different than the species size, as more important. In his study three 

subgenera are proposed: Palaeotragus (Palaeotragus), which contains P. rouenii and 

P. pavlowae, Palaeotragus (Yuorlovia), which contains P. coelophrys, P. microdon, P. 

asiaticus and P. hoffstetteri, and finally Palaeotragus (Achtiaria), which contains P. 

expectans, P. borissiaki, P. moldavicus and P. berislavicus. Palaeotragus (Achtiaria) 

representatives demonstrate a short cranial face, their diastema is shorter than their 

toothrow and the inner wall of their P3 is not continuous. According to Godina (1979) 
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those features differentiate them from Palaeotragus (Yuorlovia) representatives. 

Finally, Palaeotragus (Palaeotragus) subgenus is characterized by smaller size, the 

front skull is elongated and the diastema length exceeds that of the dentition. The 

continuous internal wall of P3 is either present or absent. 

Godina’s (1979) taxonomic point of view is quite doubtful. Firstly, most of the 

species’ type material does not contain the anatomical elements on which Godina was 

based for attributing relationships/distinctions. Original description of several of these 

species used different features. Additionally, the material scarcity of some of the 

species does not allow the characterization of the proposed features as valid. For 

example, while Godina (1979) repeatedly used features of the mandible to assess 

relationships, for some of the proposed species only one mandibular specimen was 

known at that time per species, while for some others there were not even complete 

mandibular specimens preserved (Tab. 21). Thus, it is impossible to know if those 

features differentiate really between reported species, or if they are just a reflection 

of intraspecific variability. Furthermore, while Godina (1979) uses the morphology of 

the P3 as a diagnostic feature, he also mentions that its morphology varies even within 

the same species. Hence, that feature cannot be considered as valid. Lastly, the 

morphology of the ossicones is used by Godina (1979) to distinguish some of the bulky 

Palaeotragus species. That character is also doubtful; not all species are known by 

their ossicones (Tab. 21). E.g., no ossicones specimens are known for P. coelophrys. 

The type localities with the name of the authors and the original designations of the 

Late Miocene Eurasian Palaeotragus are given in Table 21.   
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Table 21: Late Miocene Eurasian Palaeotragus. Information about the type material of P. microdon 
could not be recalled.  No holotype was cited for P. hoffstetteri by Ozansoy (1965). 

 

 

The validity of previous assumptions is tested here through a set of biometrical 

comparisons combined with morphological features. The specimens from NKT, PNT 

and RPl are also included. When the sizes of the toothrows were examined, a clear 

trend was observed (Figs 16-17). The Late Miocene Eurasian Palaeotragus are indeed 

distinguished in two different size groups; the first one contains Palaeotragus rouenii, 

Palaeotragus microdon and Palaeotragus pavlowae [in contrast to Godina’s (1979) 

point of view] which share small-sized toothrow. The second one contains 
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Palaeotragus coelophrys, Palaeotragus hoffstetteri, Palaeotragus moldavicus, 

Palaeotragus expectans, Palaeotragus borissiaki, Palaeotragus berislavicus, 

Palaeotragus asiaticus and Palaeotragus quadricornis. Hence, the distinction of the 

two size groups (the “P. rouenii” and “P. coelophrys” groups) seems to be reasonable. 

Inside “P. coelophrys” group, however, the species Palaeotragus expectans and P. 

borissiaki have the largest toothrows, while the other species have smaller dentition. 

Nevertheless, the material of Palaeotragus expectans and P. borissiaki is so scarce 

(Tab. 21), that a distinction based on the toothrow size is quietly doubtful; the 

observed differences could just reflect intraspecific variation. 

 

Figure 16: Scatter plot with measurements of upper toothrows of several Palaeotragus species. (LPM) 
Total toothrow length; (LM) Molar row length. 

Figure 17: Scatter plot with measurements of lower toothrows of several Palaeotragus species. (LM) 
Molar row length; (LM3) Lower M3 length. 
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On the other hand, when the postcranial material was examined a different 

pattern was revealed. While the representatives of “P. rouenii” group are clustered 

together, large sized taxa of “P. coelophrys” group are subdivided in two subgroups. 

The first one includes the species Palaeotragus coelophrys, P. expectans, P. borissiaki, 

P. hoffstetteri and P. moldavicus which share the feature of larger postcranial bones 

and of shorter, more robust metapodials. The variations inside that group doesn’t 

seem to be important, firstly because of the scarcity of the material and secondly 

because overlapping is observed among different species. The second group includes 

the species of Palaeotragus asiaticus and P. berislavicus with smaller postcranial 

bones, and longer, slenderer metapodials (Figs 18-21). It could be said that 

Palaeotragus asiaticus and Palaeotragus berislavicus are intermediate Palaeotragus 

species, on account of their size and proportions. In fact, P. asiaticus was inducted in 

“P. rouenii” group on account of its metatarsals’ dimensions (Fig. 21). 

Figure 18: Scatter plot of radii measurements of several Palaeotragus species. (R-GL) Radius greatest 
length; (R-Bdia) Breadth in the middle of the radii shaft. 
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Figure 19: Scatter plot of tibiae measurements of several Palaeotragus species. (T-Bd) Breadth of 
tibiae distal part; (T-Dd) Depth of tibiae distal part. 

 

Figure 20: Scatter plot of astragali measurements of several Palaeotragus species. (A-GLl) Astragalus 
greatest lateral length; (A-Bd) Breadth of astragali distal part. 
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Figure 21: Scatter plot of metatarsal measurements of several Palaeotragus species. (Mt-GL) 
Metatarsals’ greatest length; (R.I) Robusticity Index. The R.I. is given by the following formula: 

 𝑅. 𝐼. =
𝐷𝑒𝑝𝑡ℎ 𝑖𝑛 𝑡ℎ𝑒 𝑚𝑖𝑑𝑑𝑙𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑒𝑡𝑎𝑡𝑎𝑟𝑠𝑎𝑙′𝑠 𝑠ℎ𝑎𝑓𝑡

𝑀𝑒𝑡𝑎𝑡𝑎𝑟𝑠𝑎𝑙′𝑠𝑔𝑟𝑒𝑎𝑡𝑒𝑠𝑡 𝑙𝑒𝑛𝑔𝑡ℎ
x100 

 

The validity of P. asiaticus cannot be tested decisively. As registered, P. asiaticus 

demonstrates rather slender and long metatarsals that cannot be distinguished by 

those of P. rouenii and a dentition that falls in the lower range of “P. coelophrys” 

group. However, no metatarsals have been collected from the type locality (Ortok, 

Kyrgyzstan). The Ortok material contains two upper dentitions that fit in “P. 

coelophrys” group (Fig. 16), some isolated upper and lower teeth that are 

intermediate in size -with some approaching better to “P. coelophrys” group, while 

others being close to the upper range of “P. rouenii” group (Figs 22-24)- a “P. rouenii” 

group astragalus (Fig. 20), an intermediate radius, close to “P. rouenii” group (Fig. 18) 

and two intermediate tibiae (Fig. 19). Another locality where P. asiaticus has been 

found is Pavlodar. A “P. rouenii” group metatarsal (Fig. 21), two “P. coelophrys” group 

astragali (Fig. 20) and some lower isolated teeth, intermediate in size but closer to “P. 

coelophrys” group (Fig. 24) have been described from there. A “P. rouenii” metatarsal 

(Fig. 21) and a “P. coelophrys” lower dentition (length 141mm) have been described 

from Kalmakpaj, Kazakhstan. Finally, a “P. rouenii” metatarsal has been described 

from Pristashkent district, Uzbekistan (Fig. 21). We think that the described material 

attributed to P. asiaticus is too scarce for any reliable conclusion; it could reflect the 

co-existence of a P. rouenii and a P. coelophrys population in areas such us Pavlodar 
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and Kalmakpaj and a population of smaller P. coelophrys or other taxon in Ortok. 

Therefore, more research is needed in order to classify that material. 

Figure 22: Dimensions of P4
 of several Palaeotragus species. (LP4) Length of P4; (WP4) Width of P4. 

Figure 23: Dimensions of M3 of several Palaeotragus species. (LM3) Length of M3; (WM3) Width of M3. 

 

Figure 24: Dimensions of M3
 of several Palaeotragus species. (LM3) Length of M3; (WM3) Width of M3. 
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Concerning P. berislavicus, all its but scarce specimens come from a single site 

Berislav, Ukraine. It could be described as a palaeotragine with a large dentition (Fig. 

17) and slender metapodials, intermediate in length between “P. rouenii” group and 

“P. coelophrys” group (Fig. 21). Other P. berislavicus postcranial elements fit in the “P. 

rouenii” group. Specifically, that is revealed by data for the dimensions of radii and 

astragali (Figs 18, 20). It could be assumed that there is a higher possibility that P. 

berislavicus is a valid species, as it fullfils the homogeinity criterion at least.  

Α comprehensive examination of illustrations of the dental morphology of 

numerous Late Miocene Eurasian Palaeotragus species did not reveal any important 

difference. The main reason is that dental features of the type species Palaeotragus 

rouenii show a remarkable variability. For example, the upper premolars present a 

number of morphotypes; having either wide, simple fossettes or narrow, W-shaped 

fossettes; P4s with one lingual style (similar to that of NKT), others with two or none, 

and semi-circular shaped or square in occlusal view. As for the upper molars, these 

are quietly conservative inside Giraffidae in general. Their morphology cannot be 

distinguished among different genera (Palaeotragus upper molars compared to that 

of today’s Okapia johnstoni and Giraffa camelopardalis). The same goes for the 

lower molars.  

The lower premolars show some variation (Figs 25-26). They have been used as 

a source of taxonomic information for palaeotragines in the past (Hamilton 1978, 

Godina 1979), so they are examined more carefully in the present study. On account 

of P4, the degree of the P4 molarization varies, although it seems to vary inside the 

same species [e.g., different P. coelophrys specimens from Maragheh (MNHN MAR-

669, MAR-528)]. The same goes for the proportions of the two lobes of the 

molarized P4s [e.g. P4’s lobes from different specimens of P. rouenii from Pikermi 

have different relative size (MNHN PIK-1671, PIK-1675)]. The aforementioned 

differences are demonstrated in Figure 25. 

As for the P3, the variability of its morphology is remarkable. In P. rouenii mandible 

MNHN PIK-1671 from Pikermi, the paracristid and anteparacristid of P3 are not 

distinguished. The metaconid is massive, while the protoconid is weak. The 
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premetacristid is massive too. The postmetacristid is underdeveloped relatively to the 

premetacristid. The hypoconid is prominent. Distally, the entocristid and the 

hypocristulid are equally developed. The mesosinusid, metasinusid and telosinusid are 

very weak. A P. rouenii P3 from Cimislia (Godina 1979) has a completely different 

morphology. In contrast to the PIK-1671 P3 the paracristid and anteparacristid are 

clearly distinguished, although they are not well developed. The metaconid is massive, 

although the premetacristid and postmetacristid are separated by a deep groove. The 

premetacristid is much more developed than the postmetacristid. The hypocristulid 

and entocristid are not fused and they tend to fuse distally with the postmetacrististid, 

while they are much longer and weaker than those of MNHN PIK-1671. The telosinusid 

is almost absent, whereas the metasinusid and mesosinusid are prominent. In the P. 

rouenii mandible AeMNH MTLB226 the paracristid and anteparacristid are separated 

by a very slight groove, resembling that of P. rouenii from Cimislia. The premetacristid 

and postmetacristid are completely absent, as well as the transverse cristid. As a 

result, the metaconid is the only prominent lingual feature. The protoconid is well-

developed. The mesosinusid is also well-developed. The metasinusid and telosinusid 

are prominent too, although they are less developed than the mesosinusid. The 

hypocristulid and entocristid are distinguished, as in Cimislia’s P3 but much shorter. 

Finally, in another P. rouenii P3 from Samos (in the mandible PIM-293) a different 

morphology is observed. It resembles more that of Pikermi, as the paracristid and 

anteparacristid are fused. The mesosinusid is very well-developed, in contrast to 

MNHN PIK-1671. The metaconid is not so massive and the premetacristid is absent. 

The postmetacristid is weak (relatively to P. rouenii from Pikermi). The metasinusid 

and telosinusid are very weak too, although they are prominent. The entocristid and 

hypocristulid resemble that of Pikermi.  

As for P. coelophrys P3, the P3 from the Maragheh mandible MNHN MAR-669 

shows a more primitive morphology. The metaconid is much more prominent than 

the protoconid, which is very weak. The transverse cristid is also massive. The 

premetacristid exists here and it is distinguished by a groove from the metaconid. 

Paracristid and anteparacristid are fused, and they almost fuse mesially with the 

premetacristid. Thus, the mesosinusid is closed lingually and it is prominent. The 
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metasinusid is much weaker than in the other Maragheh specimen. The hypoconid is 

weak. The hypocristulid and entocristid are equally developed, and between them a 

prominent telosinusid exists. A P3 from a Palaeotragus cf. coelophrys from China is 

completely different than the two aforementioned, as it is molarized (AMNH-26363). 

Finally, a P3 from a large Palaeotragus from Samos (in the mandible CMNH CM-370), 

is completely different than all the aforementioned. Mesially, the paracristid and 

anteparacristid are not fused to each other. The metaconid is weak. Instead, there is 

a groove that separates the premetacristid and postmetacristid. The hypoconid and 

protoconid are well developed, while the entocristid and hypocristid are fused 

together. The mesosinusid is large. The metasinusid is prominent, yet weak. The 

telosinusid is absent. Two P3s of Palaeotragus expectans from Varnitsa resemble the 

first described morphotype from Maragheh P3. A P. microdon P3 is somewhat 

molarized (in the mandible AMNH-26360).  

To summarize, neither the morphology of P3 is a reliable character, due to its 

variability. Illustrations of P3’s morphology are provided in Figure 26. 

Concluding, for the “P. coelophrys” group, P. coelophrys, P. expectans, P. 

borissiaki, P. hoffstetteri, P. quadricornis and P. moldavicus do not seem to differ, 

based on the material examined in the present study. Hence, all these species are 

considered synonyms. More research is needed to support the validity of P. asiaticus. 

P. berislavicus seems to be a valid species, although further investigation is needed, 

as well. 
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Figure 25: P4 morphology of various Palaeotragus species. (a) P. rouenii P4 from Pikermi (PIK-1671); (b) 
P. rouenii P4 from Pikermi (PIK-1675); (c) P. coelophrys P4 from Maragheh (MAR-528); (d) P. 
coelophrys P4 from Maragheh (MAR-669).  

 

Figure 26: P3 morphology of various Palaeotragus species. (a) P. rouenii P3 from Pikermi (PIK-1671); (b) 
P. rouenii P3 from Cimislia (Godina 1979); (c) P. rouenii P3 from Samos (MTLB226); (d) P. rouenii P3 
from Samos (PIM293); (e) P. coelophrys P3  from Maragheh (MAR-669); (f) P. cf. coelophrys P3 from 
Shansi (AMNH-26363); (g) P. quadricornis P3  from Samos (CM-370); (h) first P. expectans P3 from 
Varnitsa; (i) second P. expectans P3 from Varnitsa; (j) P. microdon P3   from Kansu (AMNH-26360).  
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3.2.2. Comparison of the Greek Vallesian large Palaeotragus 

3.2.2.1 Nikiti-1 (NKT) 

The case of NKT’s material is interesting. Firstly, the skull and teeth are of large 

size and clearly belong to “Palaeotragus coelophrys” group (Figs 16-17). On the other 

hand, NKT postcranial material is proportionally closer to “Palaeotragus rouenii” 

group (except the specimens NKT-133 and NKT-160 which are considerably 

compressed, giving the impression of a more robust bone) creating a subgroup, with 

slightly shorter metapodials than those of other large Palaeotragus representatives 

(Figs 21, 27). Other exceptions are the specimens NKT-138 and NKT-139. NKT-138 is a 

damaged specimen that groups together with P. rouenii, as it is fairly long and slender, 

while the NKT-139 is slender but it is relatively shorter, having a length that 

approaches that of P. coelophrys group. Based on the metatarsals, it could be assumed 

that NKT material could be attributed to a population which is closer to P. rouenii, 

although it is distinct (Fig. 21). The two specimens (NKT-138 and NKT-139) could just 

reflect the diversity inside that population. Metacarpals from NKT are scarcer than the 

metatarsals, although it seems that they follow the same rule, being similar in 

slenderness with those of P. rouenii but shorter (Fig. 27). That feature, of slender 

metapodials, but shorter than in P. rouenii, is shared with P. berislavicus.  

Figure 27: Scatter plot of metacarpal proportions of several Palaeotragus species. (Mc-GL) 
Metacarpals’ greatest length; (R.I.) Robusticity index.  
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Concerning the morphology of the metacarpals, there are numerous differences 

between NKT-taxon and P. rouenii (Fig. 28). Proximally, the bone protrusion which 

separates the medial and lateral epicondyles is much more intense in P. rouenii than 

in NKT. Moreover, the medial epicondyle is of trapezoid shape and the lateral 

epicondyle is of square shape in P. rouenii, while they are of half-circle shape in NKT. 

As a result, the proximal articular surface has a trapezoid shape in P. rouenii and a half-

circle shape in NKT specimens. Dorsally, the shaft is parallel to the bone axis medially, 

while the axis of the bone and the shaft are angled laterally in P. rouenii. That feature 

is very prominent proximally and it could be said that the cross section of the shaft 

has a shape of a right triangle. The same feature exists in NKT’s metacarpals too, 

although it is much less prominent, and as a result, the cross section of the shaft is 

more rectangularly shaped. Palmary, the central trough extends throughout the whole 

bone in P. rouenii reaching at the trochlear, although it is considerably shallower 

distally than proximally. On the contrary, in the NKT metacarpals, the central trough 

seems to disappear at about the 1/3 of the bone distally. Thus, the distal and palmar 

side of the bone is completely flat in NKT. Distally the lateral condyle, seems to extend 

slightly more laterally in P. rouenii than in the NKT metacarpal. Finally, distally and 

dorsally, the shaft is somewhat more curved in P. rouenii, while in NKT’s metacarpals 

is more flattened.  

 

Figure 28: Comparison of proximal metacarpals epiphyses. Left: Palaeotragus rouenii from NIK; Right: 
Palaeotragus from NKT.  

 

Concerning the metatarsals, proximally there are numerous differences among 

NKT-form and P. rouenii (Fig. 29). At first, medially the proximal articular surface is 
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continuous in P. rouenii, while in NKT it is separated by a groove in the point 

between the two heads. Hence, the two heads of the medial epicondyle are more 

prominently separated in NKT. The shape of the dorsal head of the lateral epicondyle 

is half-circular in both NKT and P. rouenii, but in NKT is much more elongated. 

Moreover, in NKT that head is placed at a more obtuse angle to the axis of the 

proximal articular surface. In contrast, in P. rouenii, it is placed parallel to the 

proximal articular surface axis. As a result, the lateral epicondyle is of equal or of 

greater width to the medial epicondyle in NKT than in P. rouenii. In the medial 

epicondyle, the highest point dorsally is more medially placed in P. rouenii. The 

plantar head of the medial epicondyle is extended fairly plantarly in P. rouenii and it 

tilts laterally, while in NKT it is not so extended plantarly and it tilts medially. Those 

two heads are separated by a slight medial groove that is much better developed in 

P. rouenii than in NKT. Finally, the pygmaios is prominent in P. rouenii but absent in 

NKT. That difference is probably due to the bad conservation status of the most NKT 

specimens. Plantarly only a few things can be said, as the central trough seems to 

variate a lot between NKT specimens in terms of depth and width. Finally, the distal 

part, relatively to the shaft, is wider in NKT than in P. rouenii.  

 

Figure 29: Comparison of proximal metatarsals epiphyses. Left: Palaeotragus rouenii from PER; Right: 
Palaeotragus from NKT.  
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When it comes to the radii, NKT’s specimens fall into the lower range of P. rouenii 

radii length (Fig. 18). In contrast to P. rouenii, NKT radii have a broader distal part. In 

that feature they agree with P. berislavicus and P. asiaticus (Fig. 18), although there is 

only one radius specimen available in the literature for each of these two taxa. 

Unfortunately, literature for the cranial-caudal diameter of radius is very limited. 

However, from some scarce measurements (Geraads 1974), it seems that P. rouenii 

had a significantly slenderer radius than NKT, at least proximally. In fact, the cranial-

caudal diameter of NKT’s radius is closer to that reported for P. coelophrys. However, 

when NKT specimens are compared with some P. rouenii specimens from the sites 

Perivolaki and Nikiti-2, they did not seem to be more robust proximally. The radius 

curvature is a feature which also varies among NKT, as well as among P. rouenii. Shafts’ 

cross section is of similar crescent shape. Distally and cranially, the V-shaped 

formation for the adhesion of extensor carpi radialis muscle is equally prominent in 

NKT and P. rouenii. The distal articular surface is also very similar in NKT and P. rouenii.  

 Concerning the astragali, the NKT astragali are intermediate in size between 

those of “P. rouenii” group and the “P. coelophrys” group, while the astragali of P. 

berislavicus is smaller than the NKT ones and cannot be separated from the “P. 

rouenii” group (Fig. 20). Moreover, the astragalus of P. rouenii from Perivolaki (PER) is 

more elongated than the NKT astragali, having a more rectangular shape (more 

squarish in NKT).  

The tibia data are rarer. According to the only full specimen of tibia available from 

NKT, its length falls inside the P. rouenii range. However, it seems that NKT 

palaeotragines had broader distal tibia parts than P. rouenii. This is another feature 

that they share with P. berislavicus and P. asiaticus (Figs 17-21).   

Two assumptions can be done about NKT’s taxon. The first one could be that in 

Nikiti two populations of Palaeotragus were present: a population of P. rouenii 

represented exclusively by postcranials and with slightly shorter postcranial bones 

than typically, and a population of P. coelophrys represented by a partial cranium 

(NKT-172). The case of coexistence of different Palaeotragus species in Greece is 

confirmed (Iliopoulos 2003, Kostopoulos 2009). However, the absence of any 
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postcranial element from Nikiti that could be grouped with P. coelophrys challenges 

this assumption. The most probable and parsimonious hypothesis is that in NKT site, 

a single large palaeotragine population existed, characterized by intermediate 

proportions between P. coelophrys and P. rouenii. That population is diagnosed by 

slender metapodials, which are shorter than those of “P. rouenii” group and skulls with 

dimensions similar to those of “P. coelophrys” group. Morphological differences 

between metapodials of Nikiti and P. rouenii also favor this hypothesis. On the other 

hand, metric features are close to those of P. berislavicus (with the exception of the 

astragali) (Fig. 17).  

To sum up, the NKT taxon is a distinct form than both P. rouenii and P. coelophrys. 

Moreover, even if P. asiaticus is a valid species, it differs from the NKT’s taxon on 

account of the dimensions of the metapodials (P. asiaticus reported metapodials 

appear identical to those of P. rouenii). Considering that P. berislavicus is probably a 

valid species and that it shares a number of similarities with the NKT form, a 

classification as Palaeotragus aff. berislavicus is proposed for the NKT taxon, with all 

reservations. 

 

3.2.2.2 Pentalophos (PNT) 

The dental specimens from PNT are large in size and do clearly fit to “Palaeotragus 

coelophrys” group (Figs 16-17, 22-24). Comparing the PNT teeth with those of the type 

Palaeotragus coelophrys from Maragheh, in both the PNT and Maragheh premolars, 

a slight hypoconal fold is observed. The P2 from Maragheh seems to have a somewhat 

prominent lingual rib in the hypocone area that it is absent from the P2s of PNT. In the 

only available P4 from PNT, the paracone is more centrally placed, than it is in the P4 

from Maragheh. PNT’s P4 fossette is somewhat better developed mesially and 

lingually, than the fossette of P4 from Maragheh. Finally, the PNT P4 is clearly more 

triangularly shaped than that of Maragheh.   

The distal part of the PNT humerus (Pl. 14) approaches in size P. rouenii’s 

humerus. Its olecranon fossa is filled with sediment, however it is probably deep, wide 
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and U-shaped. The medial epicondyle is flat and it is not expanding medially, while the 

lateral epicondyle is projecting laterally and a round concave cavity is laterally present.  

PNT’s metatarsals (Pl. 15) are somewhat different from those of NKT. They 

statistically seem to approach better to “P. coelophrys” group, as they are 

considerably robust proximally (Fig. 30). Unfortunately, it is impossible to know their 

full length as they are fragmented. The morphology of the proximal articular surface 

of PNT looks more like the NKT’s than the P. rouenii’s. Medially, a bone protrusion 

separates the plantar and dorsal heads in contrast to the light medial groove of both 

P. rouenii and NKT. The plantar head does not seem to tilt neither medially nor 

laterally in PNT, in contrast to P. rouenii and NKT. The lateral dorsal head is more 

robust in PNT than in both P. rouenii and NKT, and it is placed parallel to the proximal 

articular surface’s axis as in P. rouenii. The plantar and dorsal heads of the lateral 

epicondyle are separated by a groove in PNT, as they do in NKT. Finally, the pygmaios 

is present but less prominent than it is in P. rouenii.   

Figure 30: Scatter plot of metatarsal proximal proportions on several Palaeotragus species. (Mt-Bp) 
Breadth of metatarsals’ proximal part; (Mt-Dp) Depth of metatarsals’ proximal part. 

 

To sum up, there are very few postcranial elements from PNT site, although it 

could be hypothesized that PNT held a population different to that of NKT, as the 

available material (both the dental and postcranial) from PNT seems to fit better P. 

coelophrys. The co-occurrence of P. coelophrys dental and postcranial material allow 

for a classification as Palaeotragus coelophrys.  
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3.2.2.3 Ravin de la Pluie (RPl) 

RPl skull has been studied in the past (Geraads 1978). It was then classified as 

Palaeotragus cf. coelophrys. First of all, the morphological examination of the teeth, 

does not provide us with something valuable. A difference among the RPl teeth and 

that of P. coelophrys type from Maragheh is that the RPl premolars are larger in 

comparison to molars and that they are more rectangular shaped. However, this 

impression may be given due to the advanced RPl teeth wear. Not a lot can be said for 

the comparison of the RPl teeth labial ribs with those of the Maragheh teeth, again 

due to the extended wear. According to our observations and measurements (Figs 16-

19), the size of the skull and the size of the other RPl specimens fit indeed to P. 

coelophrys. In fact, RPL’s skull has one of the largest described toothrows. However, 

the absence of any postcranial material from that site does not allow for RPl’s 

classification as P. coelophrys, as in the cases of NKT and PNT. Hence, we just confirm 

Geraads (1978) classification of that material as Palaeotragus cf. coelophrys.  

 

3.2.2.4 Xirochori (XIR) 

The size of the mandibular teeth (M2-M3) from Xirochori approaches the lower 

range of “Palaeotragus coelophrys” group (Fig. 24). However, it cannot be excluded 

that these teeth belong to either a ”P. rouenii” group individual or a P. aff. berislavicus 

individual, as overlap is observed, to some extend, among different groups. Hence, 

the material is classified as Palaeotragus sp.   
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4. CONCLUSION 

The attempt to clear up the Late Miocene Eurasian Palaeotragus taxonomy was 

based exclusively in metric features, as the morphology of Palaeotragus lower and 

upper premolars demonstrates high variability, and the morphology of the upper and 

lower molars is quietly conservative. It should not be excluded that other bones could 

provide morphological phylogenetic information.  

The dental metric comparisons revealed the existence of three different groups: 

one of small-sized palaeotragines with long-slender metapodials (“P. rouenii” group) 

and one of large-sized animals with short-robust metapodials (“P. coelophrys” group). 

“P. coelophrys” group was examined more carefully, as all of our fossils belong to a 

large-sized Palaeotragus. Palaeotragus coelophrys, P. expectans, P. borissiaki, P. 

moldavicus, P. hoffstetteri and likely P. quadricornis cannot be distinguished on 

account of metric features and present data available. Thus, they are considered here 

as synonyms under P. coelophrys. On the other hand, P. asiaticus and P. berislavicus 

are clearly distinguished on account of their dimensions. The available material of P. 

asiaticus is scarce and fragmentary. As a result, its validity cannot be decisively tested 

here. All of P. berislavicus material comes from a single site (Berislav). It reveals a 

Palaeotragus with intermediate size between P. rouenii and P. coelophyrs, 

demonstrating a relatively large skull and slender metapodials, intermediate in length 

between those of P. rouenii and P. coelophrys. 

The NKT Palaeotragus represents a unique population that shares a lot of 

similarities in dimensions with P. berislavicus. Therefore, it is referred to as 

Palaeotragus aff. berislavicus. 

Several dental specimens and metatarsal fragments were described from PNT. 

Both cranial and postcranials agree with a Palaeotragus coelophrys assignment. Hence 

the PNT material is referred to as Palaeotragus coelophrys, although it is scarce. The 

Palaeotragus skull from RPl is classified here as Palaeotragus cf. coelophrys, in 

agreement with previous identification by Geraads (1978). A mandible preserving the 

molars and an isolated upper molar, are inside “P. coelophrys” group size range and 

they are attributed to Palaeotragus cf. coelophrys too. The single mandible from 
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Xirochori is relatively large-sized, but insufficient to allow for a proper classification. 

Therefore, the Xirochori Palaeotragus is referred to as Palaeotragus sp.  

In this study, we had the opportunity to test the Eurasian Late Miocene 

Palaeotragus taxonomy, although this attempt was incomplete. In order to properly 

clarify the taxonomy inside the most common giraffid genus of Eurasia’s Late 

Miocene, Palaeotragus, a much more comprehensive analysis of all the collected 

Palaeotragus material is needed. That analysis should contain the examination of 

several dental, cranial and postcranial features. The postcranial morphology has 

never been thoroughly studied. We propose that it could possibly reveal features 

with diagnostic importance; as it has been already mentioned the metapodials from 

NKT have morphological features that they are always different from those of P. 

rouenii. The metric comparisons that were carried out at the present study, should 

also be used in order to assess relationships inside Palaeotragus. Finally, future 

excavations seem necessary in order more fossil material to be available and any 

assumptions about the Palaeotragus taxonomy to be more solid. In particular, the 

discovery of several well-preserved cranial specimens could offer much in terms of 

understanding the phylogenetic relationships inside the genus Palaeotragus. 
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Plate 1 

Palaeotragus aff. berislavicus 

Nikiti skull (NKT-172) 

a) Right view 

b) Left view 

c) Occlusal view 
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Plate 2 

Palaeotragus aff. berislavicus 

Nikiti Humerus (NKT-161) 

a) Cranial view 

b) Caudal view 
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Plate 3 

Palaeotragus aff. berislavicus 

Nikiti Radii  

a) NKT-156 

i) Proximal view 

ii) Cranial view 

iii) Distal view  

iv) Caudal view 

b) NKT-155 

i) Proximal view 

ii) Cranial view 

iii) Distal view 

iv) Caudal view 

c) NKT-169 

i) Cranial View 

ii) Distal View 

iii) Caudal View 

d) NKT-159 

i) Cranial View 

ii) Caudal View 
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Plate 4 

Palaeotragus aff. berislavicus 

Nikiti Metacarpals  

a) NKT-137 

i) Proximal view 

ii) Dorsal view 

iii) Distal view 

iv) Palmar view 

b) NKT-131 

i) Proximal view 

ii) Dorsal view 

iii) Distal view 

iv) Palmar view 

c) NKT-141 

i) Proximal view 

ii) Dorsal view 

iii) Distal view 
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Plate 5 

Palaeotragus aff. berislavicus  

Nikiti Tibia (NKT-271) 

a) Proximal view 

b) Cranial view 

c) Distal view 

d) Caudal view 
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Plate 6 

Palaeotragus aff. berislavicus 

Nikiti Astragali 

a) NKT-267 

i) Anterior view 

ii) Posterior view 

iii) Medial view 

iv) Lateral view 

b) NKT-163 

i) Anterior view 

ii) Posterior view 

iii) Medial view 

iv) Lateral view 

c) NKT-266 

i) Anterior view 

ii) Posterior view 

iii) Medial view 

iv) Lateral view 
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Plate 7 

Palaeotragus aff. berislavicus 

Nikiti Calcanei 

a) NKT-153 

i) Plantar view 

ii) Dorsal view 

iii) Medial view 

iv) Lateral view 

b) NKT-268 

i) Plantar view 

ii) Dorsal view 

iii) Medial view 

iv) Lateral view  
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Plate 8 

Palaeotragus aff. berislavicus 

Nikiti Metatarsals 

a) NKT-136 

i) Proximal view 

ii) Dorsal view 

iii) Distal view 

iv) Plantar view 

b) NKT-160 

i) Dorsal view 

ii) Distal view 
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Plate 9 

Palaeotragus coelophrys 

Pentalophos Toothrow with P2-M3 (PNT-113f) 

a) Occlusal view      

b) Lingual view 

c) Labial view 
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Plate 10 

Palaeotragus coelophrys 

Pentalophos Isolated Teeth i: PNT-165 (M2-M3) 

a) Occlusal view 

b) Lingual view 

c) Labial view 
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Plate 11 

Palaeotragus coelophrys 

Pentalophos Isolated Teeth ii 

a) PNT-161 (P2) 

i) Occlusal view 

ii) Lingual view 

iii) Labial view 

b) PNT-164 (P3) 

i) Occlusal view 

ii) Lingual view 

iii) Labial view 

c) PNT-162 (P2-P3) 

i) Occlusal view 

ii) Lingual view 

iii) Labial view 

d) PNT-163 (P2-P3) 

i) Occlusal view 

ii) Lingual view 

iii) Labial view 
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Plate 12 

Palaeotragus coelophrys 

Pentalophos Mandible with M1-M3 (PNT-328f) 

a) Occlusal view 

b) Lingual view 

c) Labial view 
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Plate 13 

Palaeotragus coelophrys 

Pentalophos Deciduous Mandible with dP2-M1   

(PNT-121f) 

a) Occlusal view 

b) Lingual view 

c) Labial view 
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Plate 14 

Palaeotragus coelophrys  

Pentalophos Humerus (PNT-155) 

a) Cranial view 

b) Caudal view 

c) Right view 

d) Left view 
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Plate 15  

Palaeotragus coelophrys 

Pentalophos Metatarsals 

a) PNT-114f  

i) Proximal view 

ii) Dorsal view 

iii) Plantar view 

b) PNT-119f 

i) Proximal view 

ii) Dorsal view 

iii) Plantar view 
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Plate 16  

Palaeotragus cf. coelophrys 

Ravin de la Pluie Skull (RPl-91) 

a) Left view 

b) Right view 

c) Occlusal view 
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Plate 17 

Palaeotragus cf. coelophrys 

Ravin de la Pluie Mandible with M1-M3 (RPl-104) 

a) Occlusal view 

b) Lingual view 

c) Labial view 
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Plate 18  

Palaeotragus sp.  

Xirochori Mandible Fragment (XIR-24) 

a) Occlusal view 

b) Lingual view 

c) Labial view 
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